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INTRODUCTION. 


Among the natural phenomena in the physical world 
of practical importance to mankind, none, perhaps, have 
engrossed public attention in all civilised nations more 
than the ever-recurring, ever-changing vicissitudes of 
The Seasons. This has been especially the case in the 
islands and continent of Europe, from the most ancient 
times up to the present day, in consequence of Spring, 
Summer, Autumn, and Winter being more equal in 
their division of the year than in the other temperate 
regions of the north and south hemispheres. Moreover, 
if there be any nation more than another where the 
seasons, with their varied phenomena, troop most reg- 
ularly in succession, and are most distinctly typical 
of all their vicissitudes throughout the year, our own 
United Kingdom, embracing all the British Isles, ranks 
first upon the calendar. It must be admitted, however, 
that the proverbial changeableness of our insular climate, 
compared with the average regularity of continental ones, 
frequently disturbs the progress of the seasons in pursu- 
ing the “ even tenor of their way,” when a wintry day 
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will sometimes rush in with snowy garb upon the leafy 
blossoming trees of summer. But even these exceptions 
to the rule enhance the interest we attach to the study 
of that universal theme, The 'Weather, which emanates 
from them, and in which all classes of society find a 
topic of daily considemtion, more or less important as 
it enters into the business of life, artectiug their pursuits 
in raising food for subsistence, or the enjoyment of health 
and comfort. Hence the vicissitudes of the seasons from 
day to day are matters of universal interest and remark 
from the peer to the peasant, and almost everybody pro- 
fesses to have some special opinion regarding their 
effects upon vegetation and animal existence. Yet it 
will be found, by any one who takes the trouble to in- 
quire, that few people, even educated persons, are cog- 
nisant of the immediate cause from whence the seasons 
spring. 

Perhaps this arises from the technical and abstruse 
method used by astronomers in describing the inclina- 
tion of the earth’s axis, its diurnal revolution, annual 
rotation, and attendant phenomena, — “ Phenomena oi 
great interest to the inhabitants of the earth — pheno- 
mena which have their source in the double movement 
of our planet. From one day to another the inhabitants 
of the same jdace — let us rather say the inhabitants o) 
the same latitude — see the .sun ascend above the horizoi 
to variable heights. The points in the east and wesi 
where the radiant body rises and sets change theii 
places, the sun at noon attains a greater or lesser alti- 
tude and the length of its daily sojoum above the hori 
zon gives to the days and nights their variable ani 
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unequal lengths ; hence different temperatures and di- 
versified climatic conditions — hence The Seasons” Even 
this apparently simple astronomical description fails to 
impress the mind with a clear substantial view of the 
terrestrial cause which produces the phenomena. Pro- 
minence is given to the apparent motion of the sun, 
while the peculiar angle of the earth’s axis, which is the 
true cause of the seasons, is left in the background. It 
is with a view to render the question more interesting 
and impressive to the general reader that the following 
method of treating it upon geological principles has been 
adopted. Not, be it understood, with the intention of 
superseding the researches of astronomers where they 
prove the movements and pertiu-bations of the earth 
and her sister planets, by mathematical demonstration, 
to affect the revolution of the seasons. On the contrary, 
it is with a desire to unite the principles of the modem 
study of geology with those of the more ancient science 
of astronomy, that we venture on propounding a new 
theory, believing that henceforth the two sciences must 
be associated to obtain a full explanation of the pheno- 
mena of the universe. 

Hitherto geology has been considered in some meas- 
ure antagonistic to astronomy ; but now, as the investi- 
gations of geologists unfold the past physical condition 
of the earth, the records exhumed furnish data for ascer- 
taining more correctly the nature and substance of the 
planets. Aided by powerful telescopes, observers are 
now beginning to form an accurate idea of the moon’s 
geology. Portions of meteoric stones that have reached 
the surface of our planet have been examined, and found 
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to contain minerals analogous to those composing our 
sedimentaiy rocks, from which it has been inferred that 
they belonged to heavenly bodies similar to the earth, 
having passed through geological epochs of the same 
chai-acter. On the other hand, the planets are shown 
to present different degrees of inclination in their axes 
of rotation as compared with that of our own, thereby 
furnishing data for inquiry as to whether the eartli may 
not liave at some period passed through greater or lesser 
angles of displacement from a normal comlition. Thus 
may the two sciences go hand in hand, aiid produce an 
astro-geological study of the past history of our planet, 
to find the true origin of the seasons, liy examining 
the structure of the earth’s crust, and the unequal dis- 
tribution of its protuberant masses of land, we may infer 
that internal volcanic forces have exerciseil more influ- 
ence in producing the aberration of its axis than all the 
external perturbations of the planets. It is upon this 
basis we giound our geological theory, that the world 
has all along iK)ssessed within its own sphere the power 
(if altering the inclination of its axis, and thereby pro- 
ducing those charming vicissitudes in temperate regions. 
Moreover, the same power that produced the present 
inclination, there are data to infer, has in former jicriods 
extended that angle, and produced the inexplicable phe- 
nomenon of tropical life having once reigned in latitudes 
where it is no longer seen. 

Astronomers inform us that the angles of displace- 
ment between the planes of the equator and the orbit of 
our planet are diminishing according to a geometrical 
ratio, based upon observations and records for the past 
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two thousand years. In other words, the present limit 
of the tropical zones, defined upon ordinary maps of the 
world at twenty -three degrees and a half of latitude 
north and south of the equatorial line, is less than it was 
formerly, and its annual diminution can be ascertained 
by the delicately-graduated instruments in our observa- 
tories. It is true the diminution within a year is infini- 
tesimal, but in the course of many thousands of years it 
accumulates to a whole degree, so that in time the torrid 
zone may contract, and the heat concentrated within its 
circle become gi’adually diffused through the temperate 
zones, which, accordingly, would widen in proportion. 
On this basis, if we trace back the ratio of diminution 
into the fossil records of geological time, there is abun- 
dant evidence to show that the tropical belt at one period 
extended far beyond its present limits, even to the lati- 
tudes of the British Isles, or at all events to double the 
extent of the Tropic of Cancer. At this period, the four 
seasons, as they are now calculated upon our almanacs, 
wei'c not in existence. Europe was subject to climatic 
influences similar to those prevailing at present in the 
tropical regions of Africa or America ; and it was not 
until the flora and fauna of that period became extinct, 
after flourishing through successive dry and rainy sea- 
sons, that these were broken up into four divisions, 
introducing a new order of things into the vegetable 
and animal kingdoms. Notwithstanding the many evi- 
dences in astronomy and geology that the reign *of the 
seasons has been of recent origin in the physical history 
of the earth, it seems to be a foregone conclusion, almost 
universally entertained, that they have existed from all 
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time. It is the purjH>se of the following Ussiiy to advance 
tm opposite theory, sis the hasis of a liettur explanation 
of the varied phenomena connected with the past and 
present history of the seasons. 

Hitherto the ohservations of writers upon this subject, 
and to a certain extent the invest i^ijat ions of inefeorolo- 
j'i-’ts and In divloj^i.^ts iH-arino ujMin it. have been chielly 
contineii to the physical iteo^^raphy of the north .as coju- 
pared with the s«>uth heinisphen*, they havino appan-nlly 
co!ue to the conclusion that the nutund i-henoinena of 
the one are a vrouaterpart of the other. This is easily 
explvutted, as it is only wuliiu a very reciuit peri«Kl, 
vAttto^^l wit\m\ t\ie present oeneralion, tliat the allention 
of scientific taen has hei'ii diveeted to tin; v»;gioas at our 
antipodes, or generally south of the equator. Now, 
however, the spirit of investigation is alive in these 
golden regions, attracting learned men from all parts of 
Europe, through the liberality of the local governments, 
who furnish yearly reports, showing, in a general sense, 
that considerable disparities exist between the two great 
divisions of the globe, besides tlie inequality in the 
distribution of land and water at the level of the sea. 
From these and other reports by independent observers, 
we obtain sufficient data to advance the hypothesis that 
in each hemisphere there are separate systems of cur- 
rents in ‘the sea and air, w'hich, although following the 
same natural laws, yet in their operations are so widely 
different that not only are the seasons reversed, hut the 
constituents of the atmosphere exist in different propor- 
tions. Having resided for many years in different parts 
of the south hemisphere, the Author made it his study 



IKTRODUeriOX. 


XI 


to coinparo its phyHical aspect with what hail come under 
luH iibs(‘r\'ation in the north hemisphere, from the far 
Kast to the western confinea of Kurojie. It liaa occurrwl 
to him that, if their dis[)aritiea wer*} brought forward in 
prominent eontrast, much valuable information might lx? 
eli(.'it<‘<l for the benefit of individuals and rommunities 
as Well us h»'ience; and on these gn>unds lie veiiturt^s 
ujsm discussing and difi'ering from the opinions of 
leariHHl men in the billowing pagi-s, when thes<* ajipear 
to Is* ineoiu lusive. 

Among the undetermims] questions ojs-ned up in 
these pages is that of geologists regarding (he inngnitude 
of the internal forci's of our planet in modem times ; of 
the violence of whicli, during the latter j»art of I<S(i8, so 
many and such wides])read manifestations have been 
felt on the surface. On this point it has been remarked 
that “the evidence which the earth’s action has afforded 
us in that year goes far to overthrow the theory which, 
forty years ago, was almost universally accepted by 
geologists, that the earth’s internal fires are becoming 
gradually extinguished. It would be difficult to point 
to any year within the past ten centuries in which we 
have had so many and such important evidences of the 
energy of the earth’s internal action.” Without endeav- 
ouring to revive the discussions on this question, the 
Author thinks it a favourable opportunity to consider 
the degrees of volcanic energy in the south hemisphere 
as compared with those in the north, together with the 
probable depths of the volcanic seats of action which 
produced the disastrous earthquakes in South America, 
California, the Sandwich Islands, the West Indies, and 
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southern Europe, within the ctuirse of n few months. 
On these and cognate tjuestions it will be shown in the 
progress of the w’ork that their consideration is not 
confined to science, but becomes a matter of ]>ublic 
importance. With a view, therefore, to render his 
explanations perspicuous and interesting to the general 
reader, the Author has treated the whole subject in a 
popular manner. 

ElUXBCKl.H, 
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CHAPTER I. 

CONFIGURATION OP THE LAND ABOVE AND BELOW THE SEA. 


Progress of subinarine geography, § 1.— Stupendous elevations and depres- 
sions of the earth’s crust, 2. — Centrifugal force of elevated lands and 
nioiintain-chains, 3. —Their general aspect from the bottom of the sea, 4. 
- Cubic contents and absolute weight of the earth, 6.— Disparity between 
the solid bulk of the north and south hemispheres, 6.— Estimated differ- 
ence in weight, 7.— The magnitude of land u|)heaved, evidence of incon- 
ceival)le volcanic force, 8. —Accumulative power of internal forces, 9. — 
Lyell’s geological theory considered, 10.— Supposed infinite duration of 
geologii'al tiinc, 11,— Laws of force obscure, 12.— Power of gravitating 
force, 13.— Force of eartlKpiakes, 14.— Vestiges of former volcanic force, 
ir>. - Humboldt’s estimate of upheaving forces, 16.— lie points out evi- 
dence of une(jual internal forces exercised in the north and south hemi- 
spheres, 17.— Application of the principle involved to account for the dis- 
turbance of the earth’.s eipiilibrium, 18. — Comparative power of volcanic 
force at its ileep- seated origin and on the earth’s surface, 19. — Earth- 
<piakes ill America furnish data for computing the depths of the seats of 
volcanic activity, 20.— Probable depth of the volcanic origin of the South 
Aiuericaii eartlupiakes of 1868, 21.— Concluding remarks on volcanic 
force lus a motive power iu the movements of our planets, 22. 


Ui’ON ordinary maps of tlie world the configuration of tlie 
land is superticially delineated, as it appears at the level of 
the sea, with radiating lines intended to convey an approxi- 
mate idea of the elevation of mountains above that level. 
Until recently the study of geography has been confined to 
the surface of the earth visible above its waters ; and though, 
from tifiie to time, some bolder inquirer than his neighliour 
has speculated upon the possible form of the land hid from 
view under the doptlis of the ocean, yet for all practical pur- 
poses geographers formerly ignored the existence of submarine 
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geography. It was not until Huiabolilt and other omiinnit 
men of science turnetl tlieir attention to this neghtcU'd splicre 
of observation, that the coniiguration of the land below the 
level of the eea wbs pointed to as an important pmoticul study 
in the extended science of Phj-sical Geography. Accordingly, 
hydrographers of all nations voluntccixHl their services Xo 
solve the great problem. They S4K)n determined that the 
is not unfathomable, as hitherb* supp(»si*il, for tliry have 
reached some of its pniftmiulest depths with skilfully- in- 
vented instruments, which have hnuighi up iiiiiiute shells 
of in/ueono' from the Uisin of the Morth Atlantic at depths 
reaching to six miles. Further, from a scrips of soundings 
across the land it flows over between the liritish Isles and 
America, it lias \yeen shown that tlie ocean laid is diversified 
by bills and valleys, table-lamls and pn^eipitous c^nigs, just as 
these geograjihical features of the laud presc^jt theniselv*‘s 
alK>ve the level of the sea. Moreover, the, eiitin* basin «»f tin* 
Atlantic forms in itself a Y;ist submarine valley, of which 
that portion lx*twi?en Ireland and Newfoundland is about 
two thousand miles wide, and nearly three miles dei*j) at its 
lowest part Hence a pers<in sbinding on llio islaml of Vah u- 
eia on tlie west coast of Indund is about the wuiie di-Niann* 
and elevation aVxivo the b<ittom of tin* Atlantic— aemss which 
the telegnph cables lie — that the summit of Mont IJIanc is 
alKiVe hi.s position. And if tin; betl of the ocean were ilry, 
and he were to descend to the Ixittom, lu? might traverse as 
varied a region as that which lies above the level of tlie sea 
between him and the highest peak of the Alps. Consider, 
therefore, at what a gid<ly height we arc perche<l alx^vo the 
real terra Jinna biise of the mountains fonning the easbTii 
slope of the Atlantic valley. Like some of the cities built 
far up in the Andes, near the lino of perpetual snow in tin; 
tropics, London would be situated among these mountains, 
of which the Scottish peaks would form the summit* of the 
British groups at an elevation of 20,000 feet. 

2. Stupendous Elevations and Depressions of the Eartlis 
Crust . — But even this stupendous inequality on the earth's 




6 


ORiom or TUE ssabon.i. 


sin&ce is not its greatest elevation or depression. There aru 
ottiw pdnts at tite sea-Ievel where the mountains inland rise 
on the one hand to doable the height of the Alps, and on the 
other hand the bed of the ocean reaches to twice the depth 
of that jnst indicated. Such a position exists at Point do 
Oalle in Ceylon, or, more appropriately perhaps, Cap* Como- 
rin, at the extreme verge of Hindostan, where the oWen'er 
stands between the Himalaya Mountains and the rentml ImmI 
of the Indian Ocean. Ganiisankar. the monarch tin* 
Himalayas, and the highest mountain in the world, ts 20,000 
feet above the sea; while the greatest nsoertainiHi leplli of 
the oct'an is upwards of 3.5,000 fe»*t. Here then we have a 
depression and elevation of the land 12 miles in pTpi'n- 
dicnlar height. However, a.s the distance In'twcen the l\v.> 
extremes is not far short of 2000 miles, tins indentati<ei of 
the earth’s crust would not appe.ar gn'atcr in j)roj..>rtion than 
that between the Alps and the Issl of the Atlantic alnaniy 
given. A mor** striking example of pn'cipifoim elevation and 
depression exists ls>tween the limhcsf peaks of (he .tu'lesand 
the bwl of the I*acific f)ce.an .nljneent. when* thi*y rise “ like 
a wall on an immense cmvice," jis llnmlsildt remarks, which 
is not less than eight miles in jMTpendicular height in a dis- 
tance of al>out 200 miles by horizontal measnrement. 

3 . Cintrifu'jnJ For^t' nf Kh>r»lril Jjinth nml Mounfdin- 
Chnin/f . — In this manner we obtain a more correct view of 
the greatest ineqn.alities of the earth, and. what is important, 
we are enabled to form some estimate of the /cremyc, or in- 
ci-ease of rotating power, tlie world accjnin‘s fnnn tlie.«e stu- 
pendous mounbain-chains, which whirl with c«*.ntrifugal force 
at the extreme verge from its centre. Tlu*se exto-mes of 
elevation and depression are pointed out to show that the 
ordinaiy raethwl of calculating the heights of tnhle-lands and 
mountains above the level of the sea, does not furnish a 
correct basis for the elucidation of our geological th(H>iy as to 
the origin of the seasons 'b(*ing the result of disparity in tlie 
earth’s hemispherical equilibrium. Consequently we have 
prepared a diagram delineating a scjction of the world, exhi- 
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biting an approximate outline of ita adlid f<mn above and 
below the level of the aea. In like manner a map ai the 
world on the aome projeetum wonhi show tiiat the tiuee 
great ocoona — ^the AtUntic, Indian, and Padfie — aie (mly 
vaat valleya filled with water. If, therefore, at the ontaet, 
the reader will look at the aolid matter of the world from a 
aultaqucotta point of view, aa he doea at preaent from a aub' 
aerial poaition, he will better uncleratand the force of the pro- 
]K«itiona n<lvanced. It is nothing new to treat water aimply 
aa a denser medium than air — as one of the great aupporters 
of animal life, which is inhaletl and exhaled by gill-breathing 
(islies as the atmitsphore is by lung-breathing animals. 

4. Their General Aejtect from the Bottom of the Sea . — 
View<‘d in this light, how the bulk of each island and ronti- 
nent ex])and8~ not merely doubling itself, but increasing five 
and ten fold at the baM; as compared with the apex visible 
alstve the sea. Here some 8<diUiry ro«’k in the Atkintic be- 

< omo.s tb<* pinnat'le of a Mcky mountain-eluiin like that which 
fringes tlie coasts of America; there a “fairy isle” in the 
I'ucific crowns th<* suimiiit of a volcanic cone that rivals 

< ’hiinlw>m 7 .o ; while the great Harrier licef, off the east coast 
of Australia, Itecomes a mountain-chain like the Conlilleras 
of South America. So, in {m't|>ortiou, are the continents 
enlarged in area and elevation. The table-lands of Mexico 
ns.sume gigantic proportions as they rise from their base in the 
two (H'enu-vallcys of the North Athuitic on the east, and the 
North Pacific on the western 8lo|>e. Europe and Africa would 
Ih< :ls one continent, with the McHliterranean, almut half ita 
pn'sent d«>pth and area, a lake in the mountains, 1 0,000 feet 
altove the valley of the Atlantic, ns Lake Titicaca now lies 
nbov<? the lower valleys of South America. But that region 
which would show the. most remarkable inequality on the 
c<tnfiguration of the earth, is where the table-lands of Tibet, 
forming the central plateau of Asia, with the crest of tlic 
Himalayas, would be augmenttnl in elevation to 45,000 fw*t 
above the lowest ocean -valleya, and form almost a acmi- 
hemisphere of the earth's crust above the sea-bed averaging 
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20,01M) fi*et in Tliis enormous iiirr^asi* will !•. luoiv 

apparent if we take intt» eonsMt ration llie ek vat inn 

of the iVsiatic otmiineut, as <K*t<*rmintHl liy lliunhohit it jint 
mort* than llaO feet alu^ve the le\el «>f the seii. Jl\ tliis 
process of ciilcuhitioii tJie hulk of this ^^reat fMrrmvwrc cy Me 
icorld — if we luay so tenu it — in the nortli heniisphei'u, liuv* 
ing no equivalent or C4>unter]>ois6 in the south, is augmented 
to aueh a degree that ita dunensions appear only excetxled iti 
greatness by all the land itself iiWve the seadevel* Vet we 
are led to suppose that this vast preponderance of solul 
matter ~ of massive rocks whose sjHHrihc gmvity is three, 
or four times that of water — towering up to ten or 

twelve miles in vertical height alK)vi\ their bases— spreading 

over half tlie 6U|x'rlicit‘S of the north hemisphert' that this 

inconceivable bulk of heavy solid inathT luis iu> more inllu- 
enee over the odation of the world than if it Wire so imn h 
air and water. 

5 . Vub!r and Wttahi *>/ K^trih,' 

The solid contents of the i^arth have het ii i Mmpnted at iip 
wards »if millium? of rtdnc stalu!»‘ niih s, ami iU al»' 

solute weight at ;dH>ui o»s42 trillions of ions. (>f ihoM* t« tals 
the sea cuinprisos millions of < nbic luil»•^ ; and for its mass 
or weight (taking the gnivily of s» a-\v.it» r under a pres- 

sure of two inilfs at lOou), :5.:;7oj>un hillion.s of Ions, (pr om* 
ITtJSth part.^ Th»‘se i-limale^ an* hasi'<l ujMin the avi^ragi* 
sjK.^cijic grrivity t»f lh»* t^^rn '-trial .suh>tanc«* (Mienlaled at .Oi to 
1 of water. 'They im lnde the <M*i*an. I»nt we an* not rortain 
whether the w'eight of the utiaosjihere is r<anprised in the 
genend avenige. This, how» vi*r, is immat^ iiaf, iis the iM'rial 
envelofx^ is only l,12r»,000ih part of tlie lolal niiUss of the 
earth, weighing soiuethiiig over llie 20(ith part of 1 trillion 
tons. Taking these «*stiniaie^s of the bulk ami denrity of «»ur 
planet as a whole, tlnw liave bc*en cliifdly used for astronomi- 
cal piirj>c>sos, in computing the periurlxitions of the «?arih on 
the other members of the. planetary systcmi. Wes may, with 
equal propriety, ajiply them to llie puqKiscs of pliyaical geo- 

* Art. “ Pliysical Ofography,** * Knr’yclojiastia Britamiictt.* 
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};ra|>l»y, as hi-ariii); u|K»n our theory of hciin>|thi;ri- 

i-.il <- 4 itilihriitiM. For i!xaiii|>Ie, if wo can Iniaj'Uie the earth 
liiviilcil into two heitUMjihonni through the ('fiuatorial lino, 
just us wo W'luhl divide a lemon in the middle, it will be 
found by uomputution that the north heiu^phere iseonaider- 
ably heavier than the south. As regards the precise differ- 
ence, the present state of our knowledge n^garding tiie pto- 
found depths of the ocean can only lead us to an appioxt- 
motion towards the tiutli. Enough ia known, howeter, to 
venture upon a calculation for the sake ct illustrating our 
theory, trusting that it may auggeat to aome emnpetent 
geometrician the formula for a mure correct computation and 
solution of the problem. 

fi. Diifjfarity beiteettn the Solid Bulk of the North and S/mth 
Jlemiejdifree . — In forming a basis for such an estimate, we 
must not go by the ordinaiy superlicies of land and sea, given 
ill nuiiid iiutiiliers os one of the former to three of the latter. 
'SVe must endeavour to find the bulk of the upper strata of 
the ciirth's crust at corresponding depths with the ocean, and 
strike an average fur area and depth, say of four miles below 
its level. Taking all things into coiusidenition, we assume an 
a|i|>n»ximale nvenige of the hemispher«« Ix'ing o<|ual- Then, 
by di\i<iiiig each hemisphere inUi three parts, we may t'stimate 
the north Jis i.oiitaining 2 of land and I of waWr, and the 
south 2 of water and 1 of land. According to the aliove 
calculation of the earth's altsoiute weight, an average half 
contains 2U21 trillions of tons. ltut> as we lind the pn>- 
poiulemnoe of heavier matter in the north, we must add the 
excess of weight on the one liand to it, and dctluct the de- 
lie.iency oji the other fnun the south, in conswjuencc of tlie 
les!W‘r weight of its mpieuus preponderating contents, to ascer- 
t.'iin the disfiarity of the external hemispherical ei]uilihrium. 
Having s«>cured our ground so far, it reinaius, to complete our 
formula, to take the average specihe gravity of the rocks at 
the mean pntssure of the sea, as 4 to 1 of water, or 1| loss 
than the aggregate — to 1 of the whole torrestrial globe — 
according to I.4iplaco. 



10 


ORIGIN Of TBB 8KASOK8. 


T. J&iHinated Difermee in Wtighi,-^On this Vwda "wo 
hsT e to add six times the weight of water in the north hemi- 
sphere, which is equal to one-third of the whole or 
1,090,200 billions of tons, making, in even hgurett, 6A trillions 
— hereby augmenting the al>8olnte weight to 2927 1 trillions 
of tons. According to tlie same ratio, the south heinisphen* is 
reduced to 2914| trillions of tons Thus we linve a disparity 
of 13 trillions in absidut© weight l«twecn the two hemi- 
spheres, etpiivalent to about four tiines the gravity of the entire 
ocean ; or the 450th pjirt «if the solid i*arth mhled to the 
northern half over the sonthom. and thoreljy ovi rhaliim'ing 
its u.\is This view of the disparity between the weight .T 
the solul fabric of the globe, when divided at a right angle 
to its axis of rotat-iou, illustmtes the eiiorinoiis (lifl'ereiuM- 
between the lainl seen above, to that whieh forms its Iwisis 
below the level of the sea. As in an iccln'rg thutting <<ii 
the dts*p the spectat<’r Ih'IioMs only one-ninth of its erystnl- 
liue substance nlH>v« the water, so do we see in th«‘ conti- 
nents and islaiuls lc'.«s than one-twentieth of their bulk, 
reaching do^vn b» its profonndest depths. 

8. Tim Mayuitmlf of uphraiYil, KritJenfr. of Ineon- 

reicahlff Volcauir Forn'. — Although this unequal division 
in the absolute weight of the terr«wlrial sphere doubtless 
exercises its iidlnence on the inclination <)f its axis, yet we 
do not claim this power in repose as eqinal, in the smallest 
degree, to the disparity in action that must have «‘xisb*<l 
during the early geological epochs, when tlu) accumulnUul 
internal forces first upheaved the vast continental mas 9 (‘s 
in the north compared with those in the south. What, for 
example, must have been the incalculable volcanic forces 
which at different perirsls acted within the e.arth when the. 
crystalline rocks of the Himalayas were upheaved ! \fiX the 
observer rise to these in contemplation, even their magnitufle 
above the sea-level, and some idea of this force must impn'ss 
his imagination. Standing within the shjidow of the pris- 
matic rocks that support the roof of Fingal’s Cave at Staflh, 
he may estimate the force that upheaved that fnitted roof by 
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calculating the amonnt of animal atrength and aaehhw foioe 
that was required to raise the dome of ^ Panl'a. Prom tins 
Imsaltic isle he may tmvel to the mainland and asoei^ Ben 
I/onioiid or some other of the Highland mountains, where 
precipitous rmgs dwarf the rocky clifik he has left, the agency 
that upheaved which must have been proportionately as 
niucli greater than tliat which raised the isle. From the 
liighlund mountains let him ascend the Alfis, and look down 
fn>m their peaks — piercing the rare atmosphere above the 
line of pen'tmiiil snow — and gauge, if he can, the tremen* 
dniis forec's wliich could have upheaved to such a height that 
mass of igneous rock, ns much surpassing the Highland 
inotiiit'iins as these do “ famed SUiffa’s Isle.” Ihit even 
these IwerMiie of far inferior inaguitude if he journey to the 
summit <if th** Flimnlaynii crest or the chain of the Andes. 
“ If we were even to pictitre to niinodves Mount Pilattis 
placed on tlie Sehreckhoni, or the .Vhneekoppe of .Silesia 
on Mont lUane, we shouhl not have attained to the great 
cohswus of the Andes, the < 'himlmraro. whose height is twice 
that of Mount Ktna ; and we must pile the liighi nr Mount 
.\tho8 on the summit of the ('hinil>oraz<i in order to form a 
just elevation of the Hhawalagiri. the highest mountain of 
the Himala 3 ’n.”* The elevatetl mass of land forming the 
whole of this vast gri»up and the table-lands on which it 
i.s pihsl, as far transcends the Alps in density’ and hulk 
of rock lus it does the Ilighinnd mountains : and as Fingal’s 
cave is only a portion of the isle — the Scottish Highlands a 
part of (treat llritain — the Alps a section of Enropo — so are 
the Himalaj'as only a division of the Asiatic continent ; 
while that vast rt'gion is rivalled in area by Africa, and 
in elevation by America. It is almcvst imixwsihle for the 
human mind to grasp the cnhic measurement of these pro- 
tulH'mnces of land that bulge out from the spheroidal form 
of the earth ; or to estimate the tremendous internal force 
overcoming the law of gravitation wliich upheaved them 
to their present elevation. 


* nunihokU's ' Cosmo*.' 
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9. Acenmnlative Poorer of Infernal /Vmv.- It imist 

be supposed, however, that these internal forces wt‘n' exer- 
cised at one time. On the contrary. geoK»gy ttuiches ns tliat 
ages elapsed in the upheaval of rtnks lK‘twet*n one opoeJi 
and another. Nevertheless, the flistiirbing inlhnnicea t»f 
these forces upon the n‘Vidution of thi* earth we Uikt* to have 
succeede^l each other in the same din^ction, and thus to liave 
l>econie cumulative in the displacement of iU axis. ()n« e 
an upheaval was made through the stratiKetl ro<*k.s lying in a 
liorizoutal p«isitiou on a certiiin part of the globe, it follows 
logically that others continuiHl in the «ime line of disrup- 
tion simply because a tissure Wiis made through which the 
lirst molten mass wtis ejected. As to wliy tlu* primary fon*es 
were greater in a northern directum than in a southern point 
fi'om the earth’s centre we arc not prt»j>arcd to say; but it 
Ls very prohible that the law of universal gravitation, act- 
ing through the attraction of some heaveidy IhmIv, «In‘W the 
iucaiulesct ut matter of llie earth towanls the stirface, wdiero 
it now preponderates in its solul Rtat<». So far our theory 
is in harmony with that of the astronomers, who attrilaite 
the obliquity of the eeliptic and its diminution to celestial 
pi'rturliations. 

10. LyplVif ijpohttjiral Thpoinj cfatsH/erni. - On the t>ther 
hand, the most advanceil .scliool of geology, found(‘d l»y Sir 
<Jharl(fs I^yell, holds that at no periotl of tlie earth’s geo- 
logical history are there data for aHsnining tliat tlu^ volcanic 
forces were more powerful than at tlu» pnvsc'iit day or during 
the historical cm. On thia {spirit Unit tuninent geologist 
remarks: — “As wo enlarge our knowledge of the ancient 
ro»;ks formed by sulderranean heat, we find onmelves com- 
pelled to reganl them as the aggregates of innumerable ernp- 
tioiiN, each of which may have been comparable in vir)lence 

those now experienced in volcanic regions. It may imh;e.d 
l>e said that we have? as yet no data for estimating the relative 
volume of matter simultancKnisly in a state of fusion at two 
given periods, as if we were to compare the colntnnar bass It 
of Statl’a and its eriviroiLS with the lava poured out in Iceland 
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ill 17^3 ; but fur thiji very n^oson it would be rash and un< 
philusuphicol to nssuino an excess of ancient as conUasted 
with iiioilerii outpourin};^ of melted matter at particular 
peritNia of time. It would be still more presumptuous to 
take fur KninUHl that the more deep'Seate<l effects of subter- 
ranean beat surpossctd at remote eras the corresponding effects 
uf internal beat in our own times.’'* This argument may 
bold guu<i iis fur us the mere oiitjKturings of volcanic matter 
on the external surface of the earth are concerned, but it 
(lues not apply to the deep-seated internal forces that first 
upbeaved the land ; nor do we deem it “ rash and unphiloso- 
pliieal ” to consider those forces to liave exerciseil greater 
power in the north hemisphere than in the south. Here is 
the evidence b«;fon5 us : there is a preponderance of land in 
the former, that could only have licen upheaved at a 
mote (‘])och by central volcanic forces which have not been 
eiiuidled since; otherwise we would have corresponding ele- 
vations in the southern beinisphen*, and depressions in the 
north, under the sea-level, where continents now exist. 

1 1. SujifHttietl lufinitti Duration of Geolor/ical Time , — 
Accurding to this school of geology, time given, all the 
phenoiiiena wo see in the formation of the mountain-systems 
of the world are oliservable at the present {leriod. “ In 
regard to .subterranean movements, the theory of the jier- 
]>etual uniformity of the force which they exert on the 
earth’s cru.st is (piite consistent with the admission of their 
alUu’natu development and suspension for indefinite periods 
within limited geugro]>hicul areas. . . . When reasoning on 
the intensity of volcanic action at former periods, as well as 
on the power of moving water, geologists have been ever 
prune to represent nature as Iwving been prodigal of violence 
and parsimonious of time."* Hence the new doctrine finds 
a solution fur every geological problem in the fathomless 
abyss of time. Without disputing the authenticity of the 
fossil records, which furnish data for concluding ^at vast 
periods of time must have elapsed during the formation of 
* Lyeirs ‘ PriacipIcB of Geology.* 
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the lendt etill Fre may quesUoii the camputatiofui of iho^o 
enthosiaeUc geologists who reckon epochs by tens and hun- 
dreds of millions of yearn. Of them it may bo said, to reveme 
Lyell*s remark, that they are prone to repieseiit iiatim!) m 
having been prodigal of time and paieimoiiious of violunct;. 
Where two extreme theories are pro|>oundetl, it is always In hI 
to take a middle course, as likely to be nearer t!ie truth than 
either. On the one hand, w'hile discarding the catut lysia^ 
and tremendous convulsions of the old schoid. we la vKi not 
altogether atcept the new theories of perpetual unit. rinity 
throughout all time, even to that Ixmleriiu' on eUTiaiy. 
However much we may appreciate this tloctrine of re]M)s*' 
yet it is a law in natim? that where fort'u exists it at tphii ^ 
strength by degn^es until it n^ai hes a climax, wln-u it gr.iilu 
ally exi>euds itself; and lu^nce there an* gnniinls for conrlinl 
ing that the suht<*rr:im*aii fHrccs of the earth Jiave ilecir.t>ril 
in stnuiglh and aetivity fn>m a culminating pen<Ml. 

12. Latt.^ of Fitn'f In LjntutUit tt/ol Af/ftt>nus 

It is an umlecideil (plot it ai among godogit al 
eomrov4‘|sia^i^t^ wht llier the intiTiial structun* itfllie (‘arlh is 
at pnscnl comp»>«od <*f incan(lc\Hcciit i-ock, ami tie* external 
part only an outer ^h(dl or enist, cauM*<l hy tin* refrigenilion 
of the molleti imiss ; or wln tln’r it is solid nw k to its centre, 
fttnn»^d \>y tin* gnidual tlcpOTnii of mali(*r during it.s primarv 
atpieous and gast'tjus condition, while the stratified rtjcks 
thereby formed have gtunu'upMi tin*, internal lieut througli 
chemical agencies wdiich forced the igneous rocks to tin? 
surface. Into tliis contn^versy it i.s not ncce.s.sary io <*nt(*r. 
SutBce it to .say that iKdh tlieories are Intsed upon the indis- 
putable fact that profound iiiU*niHl foresees liave existed, and 
still exist, in upheaving masses <if the earth’s solid composi- 
tion from unknown deptlis to its circumference, far beyond 
its aqueous spherical form. It has been said, however, tliat 
“ the word force has, in general, some degree of oliscurity. 
It is used to denote the cau.se of motion ; but wo have no 
direct knowledge of it, and w^c Jmlgc of its intensity by the 
effect of what we suppose it to produce. In all our reason- 



ing conceming foiee*, it I* the ehenpe of notfo* Mk 
wo moaaure and oompoio togetlior» iod whieih Me teefl^ ll» 
aubjecta of oar thought*. Attnetioa end npobkni M* foioo* 
or principle* of motion known to y* onlf hjr the pbeaooiMe 
wo observe ; but the circumatance of their imtdying adu« at 
a distance is an additional source of obscurity in whhdi other 
kinds of force do not participate." * 

1.1. Poicer of OmoUating Force. — Notwithstanding the 
difliculty of defining in the abstract the principle* of force 
and ttttniction, their attendant phenomena are understood by 
every one, especially with rt'ganl to what is visible on the 
earth olxidient to the law of gravitation. Some idea of the 
pi>w«‘r ntM-eHsury to overcome the gravitation of bodies to the 
•‘arth’.s eentnf may Im; formed from the expK>sive force and 
(■.tneussion of a gun in proje4?ting a bullet to a height where 
it to ascend, and returns Iwck to the ground with 

coinpamtively le-ss speed. Nevertheless this return force, or 
nttractioii of gniviUition, has consnlembh* jwwcr, iw military 
men ktiiov from the eifeets of a shell descending from its 
ndiiiinatiiig point of the an: on whi<-h it has ls*en discharge*!. 
' 1*0 overcome lhi.i attnictivu force, the pmjcctile fim'e must 
prepondemte. Hem'o, in considering the luiiount of inter* 
iial fon'e which project«*d the enormous masses of igneous 
rock from tho- central region of the earth t<» its outer rini, 
wo must ealeulutc the fun‘e of gravity by which these were 
at e.very instant pulled hick iiiji vertical line. And although 
tlii.s downwai-d force is slight at a short hdl, yet it increases 
with the s(|uuit! of the distiince, until a stone dc.sceuding a 
height of a few thousand feet acquires tho velwity of a cau- 
uon-lxill at the muzzle of the gun. A melancholy m’cident 
during an i\4iine asc>eut, illustrative of this fact, occurred 
in 18Go, when Lord Douglas and some of his companions 
full from the summit of the Matterhorn, dow’n a sheer descent 
«»f 4(100 feet. When the Inxlics were discovered, (lortions of 
tliu limbs, Hush, ami clothing, were cut off as with a shaiq) 
knife, and the head of tho unfortunate young nobleman was 
* Art. Attraction,'" Eacyclopadia BriUttiiica.* 
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literally driven into the trunk, by cotning in contact u'ith u 
lodge of rock in the fearful descent. 

14. Force o/ Jiurthtpiakee . — ^Tliere is scarcely any iicci'S- 
sity, however, to adduce, eomi>arative jihonoiuena in illus- 
tration of the enormous power of this internal force, wlien 
we have direct evitlence in earthijuakes and volc^inic erup- 
tions. Tlicse furnish active data from which we may com- 
pute the dynamic force which raised the j*rimary and sec- 
ondary igneous fi>rmations. Karthejuakes and volcan<a‘s, 
which stand in intimate connection with one another, are 
to Ihj consideivil as the remains of great geognostic revolu- 
tions of our glolx* previous to historicid time's, rau ly chang- 
ing the jdace of their appearance, and l>ccoiuing active at 
intervals of time varying fivin an lumr to a humlntl years."* 
At what depth this volcanic force originates, or from what 
immediate cause its cnomeais exph».sivc and e.xpansive power 
Is deriveil, there are no .satisfactory data to tlemonstrate. 
Many theories on this heail have K'cn put forth, but most of 
them are mere conjecture, or without sullicient scientific data 
to supjjort them. Of its terrible power we have a famou.s 
instance reconled in the earih<piuke at Lislatn, on the 1st 
November 17o;>, which lu.sted not more than five minntes, 
yet it laid the city in mins and kilhsl si.\ty thouwind in- 
habitikiits. It has la'cn cah'ulab'd that an are.*! of the earth’s 
surface wjis shaken «»n that occa.sit»n four times greater than 
the whole of Knr»»pe, extending from the Canadian lakes t<i 
the shores of the ikiltic and the AVest liuliia*. And us an 
exiimple of volcanic projectile power, we may cite that im*n- 
tioned by Humlxddt, of a solid mass of 8t«)ne, measuring 
about tlirce hundred cubic feet, having lieen clischarged from 
the crater of Coto{>axi, in >South America, to a distance of 
more than eight miles. 

15. Vestiges of former Volcanic Forces . — In these instan- 
ces the amount of volcanic force employed must have been 
something tremendous compared with man's greatest efforts 
in blasting rocks, or firing heavy ordnance charged with shot 

* Johnston’s ' Physical Atlas.’ 
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and Yt*t, wlion we examine the offeeU of the forces 

indicat4*il, thcr restilts are C/Oniparatively insigniiicant to those 
observable on an ordinary bioaltic hill, such as that very 
cbamcteristic mount, Arthur Heat, l^inburgh, 822 feet aixive 
the Kca-level. And if we continue the comparison to the 
Alps, and from these to the Hinmlay^iK, these vestiges of 
intenial action during the past epoclis of the worI*r8 history 
nj|>rm‘nt an amount of centrifiigsd volcanic force overcoming 
centripetal force of gmvitation that is only Icsss in proijortioii 
to tlie tninHc«'iident vcbsdty of the earth itself in its rotation 
round the sun, or th<^ diurnal revolution on its (»wn axis in 
raising its aipieous diameter at the e«]uator 27 miles aV>ove 
the poles. 

ir». I/unfhohli's K^iiimatc of (‘fthpaving Forets. — Huni- 
Inddl remarks in his * Cosmos :* — ‘‘Although volcam^es are 
justly t<*rined in many languages ‘ fircMUiiitting mountains/ 
mountains of this kiml are not formed by the gradual aecti- 
mulati^iii of ejected currents of lava ; but their origin seems 
rather to be a geiicml conseijueiice of the sudden elevation of 
8f»ft masses of inudiyte or Ijibradoritic augite. The amoaiit 
of tht‘ elevating ft)ive is manifested by the elevation of the 
volc^ino, whit li varies from the inconsidomble Indght of a hill 
to that of a cone above iy,(lOO fe<^t in height.” In like 
manner geologists conclude, from inductive reasoning, that 
the fori’es which elevated the crystalline ix>cks of Asia were 
sulyect to the same laws, (tranite was the active upheaving 
agent among the older rocks : where it “ cKX'urs in large 
insulatiMl masses of a faintly ellipsoidtil form, it is covered by 
a crust or sludl cleft into block.s,” an iusUince of which is met 
with in Mysore. “ This sea of rocks probably owes its ori- 
gin to a contraction of the surface of the granite, owing to the 
great expansion that accompanied its first upheaval” 

17. Ife points out Evidtoice of Uue^ptal Internal Forces in 
the North and South Hemispheres , — “When the traveller on 
the deedivity of an active volcano — as, for instance, of Vesu- 
vius — examines the frequent partial elevations by wdiich i>or- 

• Lcop. von Buch, quoteil in ‘Cosmos.’ 

B 
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tiona of the mil am often permanently upheaved aevefal feet 
above theiT former level, either imme^tely preceding or 
dnai^ the continuanoe of an eruption, thns fonning rooMike 
or flattened aummita, he is taught how accidental cnuditione 
in the expression of the force of suhtormiiean vapuura, and 
in the resistance to be overcome, may modify the form and 
direction of the elevated portions. In this manner fcH'ble 
perturbations in the e<}uilibrium of the internal ehmtic iott'rti 
of oar planet may have inclined them mure ' > its nortliern 
titan to its southern direction, and caused th ' conlinent in 
the eastern part of oitr globi> to present a broad mass, w hose 
major axis is almost ^tarallel with the eiiuatitr ; wliilst in 
the western and more oceutiic part, the southern extremity i* 
extremely narrow.” * 

18 . Apjtliottu/H of the Pr/'neijile hirolveif to a^eomit for 
the. DietnrtHtnee of the K'lrth'e Kijitilibrlinn. — In thi.'* 
saj^e the great [»hysieal philosojdier ]H)int.'< out the funda- 
mental principle of the theory' herein advanced. If we 
magnify th<^* jwrturluitions in the volctuiic district of Ve.sn- 
viu.4 to what exi.-tt«Hl in I'entral Asia during the upheaval 
of its table-Iand.s and mountain-chains, we may ftjrm some 
conception of tin; dl-iturbing forces at that jH’ritHl which cau.sed 
those *• perturlxition.** in the e<|uilil>rium of Ihointental ela.stie 
forces of «mr planet” to which we a.s.sigii the lirst iinpetu.s 
given to the earth tliat altered the angle of the ecpiatorial 
plane, from that of its orbit. Let us consider, for tliu sake of 
illustration, tl>at the worM, previous t<» the uplieaval of it.s 
internal igneous maascs of rock, wjw covere<l by the sea, with- 
out one solitary island breaking the level of its ui(ueouH sur- 
face ; and that it revolvcsl rr>und the sun with th«;.se planes 
parallel, while the diurnal revolution pnxiuced equal day and 
night. And let us view this temujueous globe delicaUdy 
poised in space, with no inerjuality to disturb the equilibrium 
of its rotation ; when, suddenly, a vast mass of molten rock 
is driven with inconceivable violence through the crust of 
stratified rocks which confined the internal volcanic forces, 
* Humboldt’s 'Cosmos.' 
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and shakM the whole fiwnework of the globe, whieh had 
hitherto enjoyed perfoct t8poe& Then let na anppoae that 
these nuissuB of heavy matter wen driven to the aiirfine at 
each upheaval with cumulative force, so as to raise the superin* 
cumboiit weight of laud in the north hemisphen over that of 
the south : how easy it is to see tliat the centrifugal leverage 
of the muss, and the tremendous concussion from the volcanic 
action, miglit ]>revuil to throw the earth out of its equilibrium, 
until it reached even a greater displacciftent of the ecliptic 
than now exists. 

ly. Comf/arative Potcer of Volcanic Force at ite deep- 
erutnl Oritjin utul ife J’ltil on the Kartlia Surface. — It may 
Im! a«lvauceti, in tqipusitiun to these views, that we over-esti- 
mate, the iniportanee of thi; elevations and depressions of the 
earth’s surfaee wlieit compared to its ul>soluto weight and 
magnitude ; that the pn^fouiidest depths of the sea are less 
tlian the smallest indentation on the rind of the smiiothest 
orange, and the highest isolated luountain on the hind is but 
us a grain of sand placed on a terrestrial glolie two feet in 
diameter, lie it so. >'evertheless, these are external indi- 
cations of internal force.s having exercised inconceivable power 
in the <leep-seaU,‘d alembic of the terrestrial lalxinitory. In 
all priduibility they have arisen from seats of volcanic force 
near the centre of gravity, from 2000 to 3000 miles la-low the 
surface* ; ami in the upwuril ase'cnt these forces have lessened 
in the nitio of their projectile motion, a-s they gradually be- 
came neutralised bt power by the attraction of gravitation. 
Aeconling to that law of counteraction, iuterual forces become 
in a measure exiH*niied, and the must violent earthquake or 
greatest volcanic eruption with which we are acquainteil, is 
but an iniinitesinuil indication of the deep-seated forees from 
whence they sprung. The comparative degrees of internal 
and external volcanic force we have familiarly illustrated by 
referring to the law of projectile motion exhibited in the dis- 
charge of a musket-ball. If the shot lie bred {rerpendicularly 
from the centre of gravity, the bullet is at first impelled from 
tlie inuzide of the gun with such force that it would blow to 
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pieces tlie hand that should atteniiit to arrest its jimgrt'ss. 
But on reaching a certain distance the projectile fort^o of the 
bullet becomes expendetl, ami it oU'ys tlio more |H)tent {«)wer 
of grantation. At this culminating point the hand of 
an infant coidd catch the bullet with impunity. Wo have 
seen this practically exemplilietl in shiK>ting at an eagle 
soaring aloft so high that the kdl reached him lummlessly 
without injuring a feather of his w'ings, which he Happed lus 
it were in <lerision, .sending the ileailly messenger biek to 
the ground without having fullilled its (Tnuid. In like 
manner, sportsmen in Au-stnilia, when attempting to .shoot 
ctHskatoos, which generally perch on the highest branches of 
the giant tree.s in the fore.sts of that country, lind their larg«'st 
.shot of no avail in bringing down the game, as it rattle.s on 
their feathers with less f.iri-e than a shower of hailstones. 

20. K<irihipotk>'.s in Anu'rit'n /»rui.*h Dftta fur ('ntii//Hfimf 
the f)>'pth« of the i<>'fitfi of Vttlcanic Aetivilij. — Thus we con- 
suler that the external elevations and depre.ssions of the lam I 
are oidy comparative indications in degn^e of the pow(‘r mani- 
fested by the deep-seated volcanic forci’s that produe»«l them. 
Therefure it wouM be a w«‘ak argument against our views 
eoncenjing the .stnjiemloii.s el<*vations and dejiressions of llm 
earth’s surface to compare. ( 'him1s)ra/o t«> a grain of sand on 
an ordinaiy teirc-strial globe, without showing that it is but 
the apex of a vast volcjinic vent, which reaches down prob.ibly 
a thousand miles towards the centre of our planet, where its 
fires are in a slate of .activity. It may, however, be disputed 
that there are such d(jej)-8eat<sl sources of volcanic energy with- 
in the tem-strial lal>OKitory of rmiks. Without going into the 
controversy of the aqueous and igneous th(‘ori(»t of the earth, 
or referring to certain epochs in its past volcjinic history, w« 
may safely )»ring forward the recent calamitou-s earthquak(;s in 
America as an example of the profound depths from w’henco 
they spring. The two extreme points affected by the con- 
vulsions — in Bolivia to the south, and California to the 
north — were nut less than five thousand miles apart. If 
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WO draw two lines on a section of the earth from these 
{H)int8 towanls the centre of the earth, making a right-angled 
triangle near the c({iuitor, we have a perpendicular depth of 
two tiiuusand miles below the sea-level as the {KMsible seat 
of the volc’anic fires tliat produced this, the widest spread 
earthquake (»f whicli we have any historical record. 

- 1 . / Vo/wtWe lh‘\dh of the Volcunic Origin of the South 
Amrricnn Karthquakce of 18G8, — It may be said, however, 
that this is no proof that the source of these volcanic oscilla- 
tions of tlic eartJi’s crust an,* at such profound depths, as the 
shocks of the «*urth(iuakes did not <K'Cur simultaneously, and 
may have tr.ivelleil from south north at a comparatively 
sujwrficiul depth. Now it so happened that the intervening 
region by the line of volcanic action through (.'entral America 
was not in anv way alfectcd bv internal shis:ks, while ten 
weeks elajised b.-tween the terrible c;ittistroplie in South 
America an<l the mild convulsions in the northern continent 
'Phis is good evidence that the volcanii' forces did not traverse 
the strata horizontally — at least in a siija-rficud degree, — and 
forms substantial data in favour of a deejesi'atcd origin. But 
irrespective of the earthquake in ( alitbrnia. we have .siifiicient 
«•videnee in those of South America to calculate from, a.s the 
linear volcanic action oxtendetl from the south of Bolivia into 
(.’hile, and thence to the north of IVni into Ivmador, a distance 
approximating to 'JoiiO miles. Along the whole ciuvst within 
that lint* the earth was upheaved mure or less almost simultaiu*- 
ously on the l.'lth of Augu.st 18G8, causing the sea to fall and 
rise perpomlicularly to a height of fix>m thirty to fifty feet, and 
producing a volcanic wave that swept acroas the Pacific Ocean 
to New Zealand and the furthest Isles of Polynesli, carrying 
devastation in its course on land to regions eight thousand 
miles distant. Taking the centra of this linear volcanic action 
at an angle of 4r>° from its extnuno |H>int8, we have a depth 
of a thousand miles for the source. But, in order to allow 
for all poiisiblc and unknown aberrations of this mysterious 
power, if wo reduce that to one half, and take an average 
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ilepth of tlie volcanic seat at live, hundrcil miles lielow the 
surface, we may estimate the tremendous |)roji*<;tilc power of 
the internal forces at their source that could liavo prtMUiccd 
such commotions on the external must of the earth as are 
recorded in the annals of South America during the memor- 
able earthquakes of 1868. 

22. Couelmting Ih'mtirkit on Volcanic Forre os n Mottro 
Potrer in (he Moremenfe of our Planet . — Without rt>ferring 
more particularly to the wdespread volcanic phen«un<u)a 
throughout the world tluring the latter part, of that year, 
we may point out the evi<U*nce they ftirnish of existing 
internal foree.s radiating from the centnil regi«m8 of our 
planet. In August the South American earthquakes oc- 
curreil ; in September Vesuvhis was i)i its thinl state of 
activity during the year; on the 8th of (>ctol«T a shock cd’ 
earthquake was felt at lliogo, in dupan ; on the. L’.'ith of that 
month a similar occurrence overthri*w some buildings in San 
Kranci.'a;o, Califoniia ; and alamt the same lime slight but 
jwrccptible .«!h<x'ks wen* ex|M‘rience«l in England. (.'on.'<i<ler- 
ing the di-stant points of lhe.se indic:ition.s of voh'anic foo’c, 
.some of thejn antipodal in their po.sition, and the limited 
ptfriod of time during their occurrence, it is not uiqdiiloso- 
phical to conchide that this activity was not only deep-seated, 
but may have spning from the very centre of the e.arlh itself, 
radiating its jirojectile motion to the surface, and fiven’oming 
the attraction of gnivitation in a perp«*ndicular line of ne,arly 
four thou-siind miles. If, then, we have, data in modern times 
to support a theory of cosmical volcanic acitivity throughout 
the solid framework of the esurth, may we n«it with e»(«tal pro- 
priety conclude, that hefore these forces were lessen<*d in 
power by the refrigeration of the molten rocks through which 
they actecl, the shocks of earthquakes were proportionally 
great as the external crust was thinner than it now is ? And 
shall it be said that these inconceivable forc(» ha<l no influence 
on the movements of our planet I — that this mission was ful- 
filled in simply piling up the hills and depressing the valleys 
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elevation ami ^lejires^ion in the earth’s erwst. 37. < 'ontioversv lej^anlini; 

the e'niiiv<»n‘leraji* e of continents, :fS. Tnn'Is that the equipoise of the 
earth is not niaintaine*l, :»3, On;.nji of map.s on east ami west heini- 
spheri'al pPij»:, tion, 4o. Fixture of the eiirth shapeil more like a lemon 
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to]> spinning, 42. Diagram illu.strating the<uy of unequal poi^e in the 
earth’s axi.s of rot;ition, 43*. - Aigunients in siip]»ort of j>rop»iumiing 

the theory, 44. 

23. Ptjrnmiibil Form of PfDdinmts.-- It nMjiiin .s iio loanu^d 
dissfitation to j>rovo, that goneral form of mountains is 
pyramidal, altliougli tlnu-e an; excoptional irasr.s of tin* summit 
prosoutiiig a Hat -topped instfiad of a cMinical form. These 
fac;ts are easily dcmon.strahle, and ai>parent to every pt^rsoii 
who 1ms traverwid a mountainous country. ]>ut it may have 
e.scaped the notice of even carfjfiil observers, that tliis nonnal 
condition of land in its vertical position i.s also appanmt 
in the horizontol direction of the great continental mu88e.s. 
Their general outline as represented on an ordinary map of 
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tho wurld oxhibitn this geographical feature at a glance — the 
pyramidal Imuicr being towards tlic north pole, and the apex 
]Hnnting to the south pole. Africa presents its widest base 
in the northern hemisphere, and tai)ers continuously towards 
the south, until it reaches its ajHiX at the Cape of (iood 
Hop)!. 'I'his is especially apparent in the latter section south 
of the eipiator, u'here it looks like a vast mountain that has 
falli‘u into the sea. North America assumes a similar gen- 
end fonn, although its southern pyramidal b'nniuation is 
continuous through Central America. South America may 
Is* considered the tyjsj of this configuration of continents, 
IsKiring a restmiblanee to its own js-aks in the And«-s, like an 
inconceivably great Cotojmxi or t.’hindK»mzo lying prostrate 
in the vast Pacific. Asia is less defiiD'd gi*nerally, but pr»*- 
sents almost tin* outline of .S<iuth Africa on a small scale 
ill the b.-rritorj' of India, when* Hindostan juts out to the 
south in thi; Indian Ocean. A.s a rule, therefore*, it has bt*en 
concluded by the most learned geographers that all the 
great coiitim*nta. a.*isume a pyramidal form, with their liases 
t/iwanls the north, and tajiering to an apex in a stiutherly 
diis'ction. 

2t. Anrit'nt IV/’irs nn tin’ tiuhjert . — This feature of the 
land abovi* the sea in its ci^ist - outline i.s not contineil to 
modern ol nervation, for we an* informeil by IIumlKiWt that 
“ the horizontal configumtion of continents in their general 
relations of extension, was already made the subject of intel- 
lectual contemplation by the ancient Greeks. Conjectures 
were advanceil regarding the maximum of the extension from 
w«*.st to east, and ])ica‘archus ]>laced it, acoonling to the 
testimony of Agathomerus, in the latitude of Khwles, in 
the direction of a lino passing from the pillars of Hercules 
to Tiling. . . . Stnilx), who was probably influenced by 
Kmtostlienes, appears to have been so firmly convinced that 
this parallel of 36° was the maximum of tho then existing 
extension of tho world, that he supposed it had some inti> 
mate connection with the form of tho earth, and therefore 
places under this line the continent whose existence he 
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ilivineil in the northorn hemisphere between Thoria and tlu' 
coaste of Thint.” Those ol)8ervatioiis of the ancients go far 
to prove that in their Ti'soarches regartling tlio geograpliy (»f 
the world they were eiiually intelligent witli modern ob- 
servers ; and that it was their liinital knowledge, of lands 
beyond Europe which confined their ideas. 

25. Modern Oheervations , — In modem times the subject 
was revived, and we ai'O informed that the pyrami<lal con- 
figuration of all the southern extremities of continents 
belongs to the “ similitudines physical in configunitione 
mundi/’ to which liaeon already had called attention in his 
‘ Novum Organon.’ and with which Keinhohl Foster— one of 
Cook s companions in his second voyage of circumnavigation 
— connected some ingenious considerations. t)n looking 
eastwartl from the meridian of Teiicriire, we pcireivc that the 
southern extremities of the three continents — viz., Afih a, 
as the extreme of the ()l<l World, Australia, and South 
America — sticcessively approach nearer the south p<»h‘. New 
Zealand, whose length extends fully 12"* of latitude, forms 
an interme<liate link bt,*twcen Austmlia ami South America, 
likewise tTininating in an island. It is also a remark- 
able circumstance lliat tlie greatest extension t(»wanls the 
south falls, in tin* old conlineut, undiT the same meridian in 
which "the oxtreme>t projection towards the north jade is 
manifested. This will be perceived on comparing the ( 'ape 
of (iood Hope ami tlie Agulhas l5ank 'with the North Cape 
of Europe, and the peninsula of Malac<ja with (’ape Taimiira 
in Sibcfria. . . . The pyramidal tenninatimis of the great 
continents are variously Tf?pcated on a Binaller scale, not only 
in the Indian Ocean, and in the peninHulas of Andua, Hin- 
flostan, and Malacca, but also, as wfis remarked by Eratos- 
thenes and I^olybiuB, in the Meflitiirranean, wdiert^ the«o 
writers had ingeniously compared together the forms of the 
Iberian, Italian, and Hellenic jien insulas. Fluropo, whose 
area is five times smaller than that of Asia, may almost 1 m> 
regarded as a multifariously-articulated western peninsula of 
the more compact mass of the continent of Asia, the climatic 



relationB of the ff>nnpr lieing to those of the latter f« the 
pcninsiilii f»f Brittany is to the Ktst of Branco.”* 

2(5. tlumh)hlt traerjt the Fnrtn thruvyh all Continents . — If 
wo oontinno tliose researches from the configuration of pen- 
insulas juifi the great continent* to the whole Ixsly of the 
earth, we find the genenil j»rinciple maintained, as set forth 
in tho theory herein (ulvance<l, not only in the coast-line 
alHtve the ocean, hut, as far as has lieen nscertaine<l, down to 
the heds of all the great seas. On this point Humboldt 
remarks : — “One hemisphere of the earth (whether we dmde 
tho sphere through the equator f»r through the meritlian of 
'reneriffe), ha.s a much greater ex]>an8ion of elevated land 
th.in tho opposite one ; these two vast o«-ean-girt tracts of 
laml, whi<*h w«! term the eastern and we.stcm, or the old and 
new continents, present, however, conjointly with the most 
striking c<mtr!Lst8 of configuration and jiosition of their axes, 
some similarities of form, especially with reference to the 
mutual n-lations of their opposite coasts. In the eastern 
••ontinent, the predominating direction — the position of the 
major axis — inclines from east to west (or, more correctly 
sjwaking, from south-west to north-east), whilst in the western 
<’ontinent it inclines from south to north (or rather from 
south-south-east to north-north-west). Both terminate to the 
north at a parallel coinciding with that of 70° ; whilst they 
extt'iul to the south in pyrami«l.al {toints, having mlonarine 
l>roh>tujaiSoni> of islaiuls and shoals. Such, f<>r instance, are 
the Andnjtelago of Tierra del Fuego ; the Agulhas Bank, 
south of the t'ape of Go<vl Hope ; and Tasmania, seivarated 
from tlm mainland of Australia by Bass Strait Korthem 
Asia extends ti» the alxjve parallel at ('ape Taimura, which, 
according to Knisensteni, is in lat 78® 16’; whilst it falls be- 
low' it from the mouth of the Oivat Tschukotscltja river, 
<>astward to Behring Strait in the eastern extremity of Asia, 
(’ook’s Fast Cape, W'hich, according to Beechy, ia only lat 66® 
3’. Tlie northern shore of the new continent followra with 
tolerable exactness the parallel of 70®, since the lands to tho 
• HamboMt~'AtleC«Btra)«.* 
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north and south of l>arrow Strait, frt)ni Boothia Felix and 
Victoria Ijuid, are merely detached islands.”* 

27. HU Views an the Cattse of this Phenomemm . — Seoinj^ 
that there is a degree of uiiifonnity in the oontigumtion of 
the continental masses on the earth amounting to a general 
principle, the question arises, Have we any geologii’al or 
astronomical dahi to account for this phenomenon 1 On this 
head HuiiilK^ldt expresses his views cautiously, as follow.s : — 

Verj" little can be empirically deteriuiiuMl n^ganliiig the 
casual connection of the phenomena of tlie formation of con- 
tinents, or of the analogies uiitl contnists presentcil by tlu'ir 
conligumtion. All that we know reg-arding this subjiM t re 
solves itself into this one j>oiut, — that the ac tive cause is sub- 
terranean — that continents did not arise at om e in the f<»rm 
they n<»w present, but were im reased by ilegrees by means 
of numerous Ovscillatory elevations and depr<‘ssions of tin* 
soil, or wer*^ formed by the fusion of si'parate smaller conti- 
nental masses. Tlndr present b)rm is therefore the ivsult c»f 
two causes, whieh have ext?ndsed a consecutive action the. one 
on the other: the fii'st is the expressitm c»f subterranean fona*, 
whose din^ction we term aeciibuital. owing to our inability to 
define it, from its renjoval beyond tlie spliere of our ccunpro- 
heiision ; whilst tlnj .‘'ccoinl is <leriv(Ml from fona'S acting on 
the surface, amongst which volcanic eruj>tions, the elevation 
of mountains, and eurrents of .sea-water, play tin* jirincipal 

26. The Pruhahllifij of Ha h*ivrf a General Law in Nature. 
— That there is some geneml law in nature, only se<*oiidary to 
the universal law of gravitation, wliicli regulates thi.s jilnmo- 
menon, it is reasonable to conclude. lb.*re we find that a« 
mountains are pyramidal in their vertical fflevation from 
the centre of gravity, so the horizontal forms of con- 
tinents are pyramidal ; and in treating of the configura- 
tion of the earth itself, we have endeavoured to sliow that 
there is a general tendency in its solid parts to assume that 
form between the poles, notwithstanding the spherical law 
♦ Humboldt’s * Cosmos.’ 
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wtiich K>gnlutes itn fluid and aerial envelopes. May there not 
Ijti a Hutwidiury law regulating the planetary liodica while 
entering into their Holidifying stale, so as to consolidate the 
gen(‘nil stnu’turc upon a pyramidal principle f And may not 
that law 1 h* connected with the rotation of the earth upon its 
axis, its essential to the niaintenance of its exjuilibrium in the 
«‘<-liptic, having its equatoriid plane displaced at an angle of 
23' 30', just iis the eonical form of the common top is essential 
to it.s spinning when it Icitiis to one side w’hile describing a 
cin'le 1 If tbe earth were a perfect sphere, equal in diameter 
at the on»ssing-j»oint of every {uirallel of latituileand meridian 
of longitude, with the specific gravity (»f its substance uniform 
in nitiu from its centre to its circumference, it might probably 
have no fixini axis of rotation. Without this guiding prin- 
ciple for its daily nsvolutions it would, perhaps, l»e an erratic 
globe rolling hither and thither on no fixed law of rotation, 
except in its annual course round the sun ; just os a billiard- 
^ball rolls tiver a table without any defined axis of rotation, 
yet keeping the line of momentum frt>iu the point where it 
W’as stnick. It is iiupo.ssible tt» conceive what wouhl be the 
elfi'cts of .such a condition if it could exist on the earth under 
its present .sliite. For the sjike of illustration, we may say 
that London might one day l>c within the arctic circle, next 
day in the tropics, and make a revolution from the north to 
the south iH-lestial hemisphere in twenty-four hours. Under 
thc.so circumstances, we can ea.sily imagine that it would be 
no tit habitation for animals or plants. Therefore, from these 
indications of a pyriimitial structure in the solid materials of 
the world, it is evident tliat it is In obedience to some law 
e«[uiv{dont to that which rules the spherical form of aqueous 
bodies. 

29. Thi* Form attffmrnfnf by the Land beloie the Sea- 
Ijeoel . — If this pyramidal form of continents is so apparent at 
the sea-level, as delineated on an ordinary map, in all proba- 
bility it would he still more evident if wo could ascertain cor- 
rectly the gencml formation of the ocean-beds. This has been 
already alluded to in defining the ^altitude of the laud upon 
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the earth, irrospoctive of the water, showing that the j»oqK!U- 
dicular height of its solitl parts in relation to its lowest spher- 
ical proportions is ilouble that of its coast-lino elevation, if 
not more. Below that line the oWrvations of hydrogniplnn-s, 
in their laborious task of sounding the depths of seas, prove 
as a rule that the land gradually slo^ios deopi'r and deeper 
until a point is reached where declination ceases, and the 
water becomes shallower as the lead sounds thu opposite 
shore ; just as in a lake, a river, or a channel, should they 
dry up, their beds would appear as valleys between the land 
which formed their iKUtks. In like manner the Iteds of the 
great oceans are merely continental valleys lilleti with salt 
water. If we could behold them draiuetl, tlu;n should we s»‘e 
the pymmidal form of the continents sloping on each side to 
the bottom of the valleys i»f the Atlantic, Paeilic, and 1 ndian 
Oceans, with their ta|KTing fonns trending as fat as tin- 
south pole, and there forming a geneml ape.v for tln! pyram- 
idal cuiitiguratioii of the earth- -or, to speak mure c»m-et tly 
and cautiously, an approximation of a general charaeter 
towunls tliat form. 

3u. Pfof.Kthlv Pijramidnl porta of the d/oo//,- — It may be 
said that such a theory is (joiitrary to the laws of the universe, 
where nothing but spherical bodies r«)ll through the boundless 
realms of space. “ Behold the sun, moon, and planets with 
their satellites.” It may Ihj said, “These are all perfect 
spheres ligliting up the heavens by day and night, and the 
earth would Is: an e.\ception to the universal rule, if it as- 
sumed even the smallest approach to a pyramidal form.” Mot 
so. Becent observers of the iu<ion have discovered that the cen- 
tral part of her disc bulges out beyond the spherical outline, 
but which is never seen in ptoKlc in consc([uence of thu time of 
her orbital motion being e*iual to that of her axial revolution. 
It is supposed that the half of the moon visible to us is not u 
spherical hemisphere, hut elongated ; and if thu uthur half is 
tlatteued like the earth in proportion, the shape of her satel- 
lite would appn^ximate to that of an egg. Those who liavu 
seen the very beautiful photographs of the moon by Warren 
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do 111 liuu may UiHtiiiguwh tkU phcnoincnoti, where the fore- 
Kliortoniii^ of the due appears to culmlitaie iu au ap«;x, dif- 
ferent from tliut of a [Msrfect globe. It is no part of this work 
to venturi; uihui tho question of tliat iaten;stiug discovery 
further than this casual reference, and in sup]iort of the theor}' 
that there an; iiniiortant deviatioiui from sphericity among the 
planets and their satellites, which require further research by 
astronomers b<;forc the phenomenon can la; thoroughly demon- 
strated. 

31 . tiinkimj of the hnnd , — In connixitiun with the raising 
of continental masses as the chief mollifying power in altering 
the normal condition of the earth, we must not overlook the 
opposite fonre of gravitation, which lias causeil the land to 
.•jink lielow its primary level. This phenomenon has lieeii ob- 
served from the earliest hi.storic iM;riod on the land above the 
levid of the sea, wh<.*re it hits ls*en submerged, and on inland 
territory which has suddenly sunk by some internal collapse. 
As a genend princi])Ie of geology, tho u]>heaval of hind at one 
jilace would cause a corresponding depression at another; and 
this no doubt occurred at the dejiths of the sea when the 
continentid masses were raiseil. How far the level of the 
primitive ocean was altered by these con^'ul.sions has nut been 
ascertained ; but if the avenige depths of all the seas bt; twenty 
time.s gri'ater than the average elevation of the continents and 
i.slands, then it must have decreased in level, and also in 
ipiantity, us the mineral constituents were deiiosited iu the 
form of strata. Duruig the iH*rioils when the greatest activity 
pri!Vaited in the volcanic forces of the earth towards tho ex- 
terior of the northern hemisphere, there was evidently a cor- 
rcs|H)nding iK'tion in the forces of gravitation. The result of 
these two great contending forces was the upheaval of the 
continents of Kuro{)c, Asia, Africa, and North America on the 
ono luind ; and the sinking of the lower crust of the earth, on 
the other hand, at the regions forming the beds of the Atlan- 
tic, Pacific, and Indian Oceans. Thus, while the volcanic 
forces acted os a p^mtive power in hurling the earth from ita 
equilibrium in the ecliptic by a ^rcimnderance of land up- 
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heaved aboA'e the sea-level in the north, tlio forces of gravi- 
tation exercised a neyattce influence towards the same it*.sult 
in diminishing its density in the south by the sinking of its 
ocean-lxHis. 

32. Duncin's Ol>^n'atton« in the Pucijic Ocean. — lien*, 
then, we liave a general itrincifde osUiblishcd regarding the 
structure of the earth in its solid {tarts, as well iis in tint 
liquid and aeriform constituents, that whatever inodiiii'atiou 
its surface undergoes in elevation, there is at some place a 
correspomling depression. These phenomena are exempliiicti 
on an extensive scale in the Pjudtic Ocean. Acconling 
Darwin, the groti^ts of cond i.Hlands in the (Hpiuioritd and 
northern divisions t.'f that hemisphere of water are slowly 
sinking, which he proves by the coral insects being always 
busy at work raising their walls to the surface ttf the. wa 
arcfund the crater cones of the submarine peaks, which at a 
past gecdogical ejHHih rose alnive the level of the ocean. 'I’his 
w’ould indicate a general subsitlenee of the ocean-btMl in theae 
latitudes, which h.as led to the thet)ry of some Fnuudi mviiw, 
that “ Oceania,’’ as that region is mimed on their charts, is 
the remains of an extinct continent that formerly uinte<l Asia 
with IS'orth America. Although that hypothesis give.s sup- 
port to our theory, inasmuch as the preponderance of land in 
the north hemisphere might have been infinitely gn*nt«*r than 
at jiresent, still we are not disposed to imlorse these views to 
their full extent. Suffice it that there are data to jirovc the 
sinking of a large area of land at the liuttom of the north and 
equatorial sections of the Pacific. Mow, in the South Pacific 
we have a corresponding gradual elevation of the land, in the 
island-continent of Australia, which all the learned geogra- 
phers and others who have visited its shores pronounce to 1 h« 
slowly upheaving at so many feet in a century. 

33. Svhsidence ami Elevation of Land in Sweden and Fin- 
land. — If, then, we have evidence of a sinking of the land in 
the south hemisphere during the periods of its elevation in 
the north, according to a general law of equivalents in the 
geological theory of forces, we must conclude that a contrary 



TUB LAND. 


33 


oBi’ft trM»k place wlteii these *forccs were reversed in their 
htMnisjilH»r«*.s of action. When the continent of South Ante* 
rira was tip)icave<l by conso<iutivc volcanic forces, doubtless 
forrespoiKlin^ dcjircssions in the land occurre<l at other jmrts 
of the earths crust, but, for obvious reasons, human re- 
seai'ches cannot investigate to any great extent the sub- 
merged eviilenco of this phenomenon. We may safely con- 
elufli% however, that as the sinking of the land in the south 
lieinisphere rt'ached its greatest depression during the eleva- 
of the north continents, the equivalent depn/ssions to 
South American elevations wouhl occur in the north hemi- 
spher«\ 'I'hat such phenouieiia have W-n in operation in 
lairop<‘ is ahundantly «*vident fnuii the oliser\’atio!is of geo- 
logists where it is visible in its effects at the present tlay. 
Certainly these an* comparatively small in area ; neverthelen*??? 
tin y are suflieient to indicate that then't w:i8 a sinking of the 
land in the Polar Sea and North Atlantic during the up- 
heaval of the South Ainerkran continent. On this subject 
Humboldt has the following remarks: — ‘‘Acconling to the 
views generally adopted hy geognosists in the present day. and 
which an^ sujiported hy the observation of a series of well- 
attested fa< t^, no less than hy analogy with the most imjH>rt- 
ant voh’anie phenomena, it wouM api>ear that the elevation 
of ciuitinents is actual and not merely appanmt crowing to 
the coiitigurat ion of the upi>er surface of the sea. The im rit 
of having aflvanoeil this view belongs to Leopold von Puch. 
who first made his oi)inious known to the scientific world in 
the narrative of his memorable ‘ Travels through Norway and 
Swi'den in 1806-7.* Whilst the whole coast of Swoilen and 
Finland, from Solvitzborg on the limits of Northern Scania, 
exiH*rienc«'s a gradual rise of four feet in a century, the 
southern jxirt of Sweden is, aceonling to Neilsou, undergoing 
a simnltant'ous depression.” * Sir Charles Lyell also infonns 
us that, from the observations of the Danish aarana, it is 
evident that a largp portion of the coast of Greenland has 
been gradually sinking during the last four centuries. An- 

• Humboldfs * Cosmos.* 
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cient buildings on low rocky islands and on tlio shore of the 
mainland hare been gradually submerged, and experience has 
taught the aboriginal Greenlander never to build his hut 
neRT the water’s edge. The Moravian settlers have been 
obliged more than once to move inlaml the jwles upon which 
their large boats were set, and the old poles still ri'inain Ite- 
ncath the water as silent ■witne.sses of the change." * 

34. Geolcujieal Subsidence in the North Atlantic, Basin . — 
From the remarkable analogy that exists in the strueluro of 
the lanil in North America and Euro|H', together with tlie 
similarity between the extinct fauna and Horn of the ta-o 
continents, there are data for C(»ncluding that the\ wen* united 
during the tropical era in northern latitudes : so that the 
Atlantic telegraph cables are now n'posing on land at a 
perpendicular depth of two to throe miles from the lev»‘l of 
the sea, which oJice was elevated alnive its siirfacc, diversi- 
fie«l by hills, valleys, plains, and table-lands, covensl with 
a dense vegetation, and inhabited by multitudes of stmnge, 
reptiles. (piadrufH'ils, and binls. It roejuiros no elaborate argu- 
ment to arrive at this conclusion. Suj>po.sc the land which 
now constitutes the bed of the North Atlantic for upwards 
of 20b0 miles from ea.st to west, and forty degrees of 
latitmle from north to south, fell from its high altitude in 
olsidietice to the etenud laws of gnivitation, its siiUsidenco 
was probably prrsluced by an equivalent in accumulated 
volcanic force.s to that which upheaved tins continent of 
South America. 

35. Humboldt on the Causes that change the Figure »</ 
Continents. — “ The phfmomena to which we wfuild hen; 
direct attention nmdnd us of the instability of the pros«‘nt 
order of things, and of the changes to w'hich tlie outlines and 
configuration of continents are .still subject at h<ng intervals 
of time. That which may scarcely Iss perceptil»h« in (»no 
generation, accumulates in pcritMls of time whose duration is 
revealed to us by the movement of remo,to heavenly IhhUch. 
The eastern coast of the Scandinavian {leiiinsula has prolwbly 

• I.yell’# ‘ Prineiples of Geology.’ 
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risen about 320 in the space of 8000 years ; and in 
12,000 years, if the movemenU be re^^lar, parts of the 
Ixittoiii of the 8(ta which lie nearest the shores, and are in 
the. pivs<»iit day covere<l by nearly fifty fathoms of water, 
will coino to the surface anti constitute dry land. But w>iat 
are sueh intervals of time compared to the length of the 
gi'ognostic periods reveale<l to us in the stratified series of 
formations, and in the world of extinct and varying organ- 
isms ? Wo have hitherto only considered the phenomena of 
l*K* vat ions, but the analogies of observed fiicts lead us with 
e<jual justice to assume the possibility of the depression of 
whole tracts of land. The mean elevation of the non-moun- 
taiiious parts of Fnmce amounts to less than 480 feet. It 
would not, therefons require any long period of time, com- 
jiarcil willi the old grxiguostic periods in which such great 
changes w(‘re hrought about in the interior of the earth, to 
effect the permanent suhinersiou of the north-westeni part of 
Eurt»[»e, and induce essential altonitiuns in its littonil Ptda- 
ti<ms. . . . The depression and elevation of the solid 

or IlinM parts of the earth are the causes of all the changes 
whicli occur in the ccuitiguration of continents.''* 

3fi. PrtflHthU* C/tamjfs that occur Mow (he Sen-Ij veL — If 
the.s<> ohservations on the laws of v<»lciinic fuiTes atfetrting the 
lain! alxive the level of the sea are applicable to tlie configura- 
tion of continents, bow mucli greater in degrt‘e is their applica- 
tion to the form of the laiul below that level, where the great 
liulk <if the cartli’s crust is liid from view? If we had the 
siime facilities of observing the oceau-lnxls as we have of the 
continental annus, in all pn>bability the elevations and sub- 
sidence of v.ast tmcLs of land would lx* seen of which wo at 
present know little or nothing. Tho investigjitions of Mr 
Darwin into the fi^rmation of coml-n*efs and islamls furnish 
satisfactory «*vulence that there is now, and prol>ably has 
been for ages, a gradual subsidence in the Wl of the Pacific 
Ocean, where tho islanils of Polynosia rear their volcanic 
peuks from a depth rivalling in elevation the peaks of the 
* Humboldt's * Cosmos.* 
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Autli-s above the pivsent sea-level. Tlic oquivaleiit in eleva- 
tion for this subsidence is on the niainhuid of Austnilia, 
where the al»ouce of very high inountoins, or great ot)ntor- 
tion of stratified roirks, leads geologists to the conelu.siou that 
the volcanic forces which uphuuved that n>gion have in all 
probability been comjwratively feebler than in other n*gions 
of an C(|iuul superficial ami. 

37. Antiimhil Kquu'alenU o/ EU'ratiou ainl J)rjiri‘ii»l(>n in 
the E>trlh's (Jnt^t . — From the g»*neral principles of subter- 
ranean forces, as oxtunplilieil in the. foregoing investigiitions 
and generalisation of tacts by the most eminent authoritie.s, 
it will lie .seen that throughout the structure of the earth’.s 
cru.st, ladow the sea as well as above its there i.s 

evidence (if an equivalent in dcpn*.ssion for every point of 
elevation. Moreover, as far as they <)an Ite ;i.si-crtaiued, tlu'sc 
indications of sulishleuce arc not fur ivmoved from lauds that 
are upheaving. From this i-s deduced the. theory that the 
Volcanic forces are comparatively limiteil in ai-ea, ami not 
deu]i-seated in the framework «if the earth. 'I'liis may be the 
case at the pro.sent day, but it do<*s not follow that they have- 
Ik'cu stqtcrficial for all time. On the eontrary, if we c.\tcnd 
our observations from these local phenomena to the leading 
geological evidence.s of the first .subsidence of ocean-l>cds and 
elevation of continental ma».sc«, there are data fiu- concluding 
that the primeval vohuuiic forces einunutcd fr<im the central 
internal regions of our planet. If we refer to a terre.strial 
globe, ami olwerve the antipaies of the ceutr<js of elevated 
lauds in the north hemisphere, w'c find them re]>reBented in 
the Sfiuth hemisphere by ileep seas, where the ocean-lted in 
some cases is one -fourth greater in depth below, than the 
liighest mountain - chains are alMve, the level of the sea. 
Besides the downwanl force of gravitation, this arises from 
tlie enormous superincumbent pressure of the ocean, by which 
means has been produce«l the greater average depth below 
of 20,000 feet, to 1000 feet of elevation alxjve, the sea-level. 
Be this as it may, we have the geographical evidence l)efore 
us, that, as a rule, the antipodes of the great continents are 
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«fas. Thiil is rr;marka)ily cxemplifiwl by those portions of 
the liinil between middle latitudes and the circumpolar 
r(‘giruis in the north hemisphere having their equivalent at 
the south antipo<Ic8 in a deep circumnavigable ocean. More- 
over, th'‘. north polar sea depression has an equivalent of 
liiud elevation in a proliable south polar continent, if we are 
to accept tlic opinions of our most advanced geographers, 
who l»ase their views upon the recent voyages of discovery 
by C’aptain Ross and others. 

3S, Cmitrovprifij ri'ijnriliiuj the Eqnijiftim of the Conti- 
ueuts. — liefore the circumnavigation of the globe was accom- 
plisliod through tlic voyages of discovery by Captain t'ook 
and other renownetl navigators in the south hemisphere?, 
there were gn-at iliscussions amongst the learned men of 
F.uroj»c conc«‘ming the proportions of land an<i water in the 
worhl as aifecting its diurnal as well as annual rotation. 
*• Fur upwurd.H of a century Iwfore the actual configuration of 
.Vii.stridia was ascerbiined, the most distinguished Europetm 
a.stronomer8, geographers, and navigators entertained tho 
theory that there mu.«t lx* a continent in the southern hemi- 
sphen? equal in extent to those of Asia and Europe in the 
northern. They argue<l that, in onler to preserve the equilil*- 
rium of the glolie, the land of the southern division must 
extend through the tropical and temperate zones into tho 
antarctic circle, in tho same manner and in corresponding 
nu-ridians t<* what was then either known or supposed, on 
good grounds, to extend from the equator into the arctic 
regions. They presumed that tho world could not revidve 
equally upon its axis unlc.ss there was an area of land alcove, 
tlu? ocean, Initween the. south |K)le and the equator, equal to 
that in the northern hemisphere. A glanci? at tho terrestrial 
globe will show to what a small extent this theory has Wen 
carricil out by facts. Australia will be seen to counterbalance 
scarcely the area of Europe ; while the vast Asiatic continent 
has no other eipti valent than the boundless ocean.”* 

39. PnMn/tt that the KquifMuie of the Earth is not main- 
* ‘ Our AiistniHan Colonies.' By Bamnel Moasnian. 
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imned . — Xotwitlistauding tlio failure in the soluti«)ii of this 
geographical problem, to the credit of these inquin>rs l»e it said, 
that they observed the anomaly of the preponderance of land 
in the north hemisphere, which roqninxl to l)e accounted 
for in the south, os affecting the e«pulibrium and rotation 
of the terraqueous globe. So far, their conclusions wcn> 
based upon scientific data, that the counterpoise of the north 
hemisphere could not othcrwisi^ 1>e maintained than by the 
existence of an equivalent in land alx^ve tlu* sea at the anti- 
{Hxles in the south hemisphere, if the. equatorial plains had 
l>een parallel with the j>lane of the earth’s orbit rniiml the 
sun. Such, however, not Ixung the case — as the earth’s axis 
is inclined to that i>lane. in an angle of GO'" 3li' 3ti", whence 
the ‘.xiuator Is iiadinod to the ecliptic in an angle of 23 
27' 24"-- wc contend that this dcllection .stdve.s the gco- 
graphieal problem; that the equilibrium of the eailh’s diurnal 
revolution is mtt maintained, othcrwi.sc it would rcvolvi- tlaily 
in an equatorial plane uniform with its annual c«>ur.He, with- 
out presenting the phenomena »>f the seasons. On the other 
hand, acconling to our theory, the tUsturbanee in its equi- 
ponderance may have Ik-cii eauscHl by the upheaval of the 
gKjater ma.<ss of land in the north hemisphere ov(!r what ex- 
ist.s in the .sfUith — esjtccially those contimmtal nia.ssc.s above 
the level of the sea forming the table-lands of Asia and >>orth 
America, with the liimalayiis and other niounhtin-sy.stems, 
which added to the centrifugal force of nttatioii in first 
giving momentum to this obliqtiity of the earth’s axis. As 
already shown, it is a well-known- geographical fact that 
nearly three-fourth.s of the eartir.s surface are covered with 
water. But thi.s does not imply that water forms any gn-at 
proportion in the ponderosity of the terraqueous glolxj. On 
the contrary, its actual weight, we have seen, is infinitesimally 
small compared to that of its solid contents. Notwithstand- 
ing the apparently boundless sui»crticies of the Pacific, At- 
lantic, and Indian Oceans, and their almost unfathomable 
depths, yet they are only great lakes lying in the valleys i»f 
the land. The l>ed of the sea, we liave also seen, consists of 
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tuble-IaiulH, valb^ys, mountaiiia, and plains, the counter])art of 
those geugropliical features wo see above its leveL And if 
we eonsider that the mean specific gravity of the earth is to 
that of wat*;r as 5^ to 1, it will lie seen how little the sea 
enters into the scale in maintaining the equilibrium of the 
world. Hence the south liemisphere, where the seas pre- 
vail, is still further reduced in Iwlancing the north hemi- 
8]>h«.‘re by reason <if the lighter material tliat enters into its 
surface composition, etjuivalent to a loss of four times the 
weight of the entire ocean. 

40. Oriijin of Majf« un Jicut ami Wext llemuipherical 
PrnjWtloitn. — If we look at an onlinary map of the world in 
}u‘taisphure.s, this disparity is easily olwcrvable ; but it would 
strike the ob-server more forcibly if seen on a terre.strial globe 
divided in half at the e<puitorial line, (jeographers and map- 
makers have confini'd their delineations of the worbl to the 
arbitrary division of the eastern and western hemispheres ; 
consequently, the ]iublic eye has been so e<lucuted to this 
projection that it fails at first sight to comprehen<l the vast 
dill'erence between the geographical aspect of the north and 
.south hemispheres. It may not 1)C generally known that 
this division of the earth is a relic of the S{>nnish and Portu- 
giu'se discoveries in the si.xteenth centurj*. On IIicm? Wing 
sanctioned by Pope Ale.\nndcr VI., be marked out a line traver- 
sing the poles whhdi divideil the terrestrial gloljc — giving to 
the former all lands discovered west of that lino of demar- 
cation, ami to the latter the eastern territories. Wiihotit 
cavilling w’ith that division, it would bo well tliat modern 
atlases contained a map of the w'orbl on thu south and north 
]icmiK)iheric.ai projection, such as will lie found in this vol- 
ume, in order to render the outlines of the unequal distri- 
bution of land and w'ater familiar to the eye, 

41. Figure of the Earth ghaj)ed vu>re like a Lemon than 
an Orange. — The configuration of the earth is set down by 
astronomers to be that of an oblate spheroid of revolution — 
that is, a sphere flattened at the poles, the polar axis being 
to the cHpiatoriol diameter in the ratio of 305 to 306. In 
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familiar language it is compared to the sha|io (»f an oningi'. 
Tliis popular definition applies admimbly to the genend 
figure of the north hemisphere, where the polar sea is almost 
eucireleii by land, rising into niountain-mnges anil table-lands 
that render the depression at the north }iole well marked in 
its profile ; while the vast bulk of Kuro]H>, Asia, North Africa, 
and North America swell into tlie rind of the orange to tliu 
middle belt. If we cross the eijuator, how'cvcr, this shape 
is not maintained; and, to follow out the comparison, the 
world in its southern division assumes something of a lemon 
shape. Sir James Koss, in his voyage of discovery towanls 
the south polo, came u{>ou elevated laud tremling to an un- 
known extent in that direction ; and this, with the jirevious 
observations of Captain Cook and Kerguelen, furnishes data for 
concluding that there is an extensive inounhitn region in the 
centre of the sooth jn-lar latitudes. Some geographers even 
go far to prove that there exists a mountainous eontinent 
equal in area to the north jiolar sea. Be that ns it may, 
the latitudes out.side this unexplored region are known to 
be encircled by the oiien sea, tliereby reversing the conligu- 
ratiun of the earth in the antarctic to what it is in the areti<’. 
regions. 

42, The Form and Moremcntif /»/ the Fnrth tike a Tk/i 
tepinniufj . — In computing the jKilar diameter of the earth at 
7898 English miles, as comjtared with the eijuntorial diameter 
of 7925, astn^iiomers show a dilference of 27 miles. AVilhoiit 
disputing tltat calculation, it is not illogical to conehide that 
the depression at the north pole is considerably gniatcr than 
at the soutli, inasmuch as the water is immediately alieidcd 
by the diurnal revolution of the globe where the land is not. 
At all events, the flattening at the north pido has not its 
equivalent in the south. Moreover, if we take the land n.s 
the ruling body, by virtue of its jwnderosity, in the rota- 
tion of the earth, this diversity of contour is more ajqturiMit. 
Suppose the world emptied of its seas, the laid of the Arctic 
Ocean would present a still greater dopressiou at the north 
pole, while those of the Atlantic, Indian, and Pacific Oceans 
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ill th«' south would give the antarctic regions something of a 
tapering form. In that case, the solul framework of the 
earth, os the rotating power which sustains its diurnal revolu* 
tiun, may Iks coiisiderc*! an uhlnUMtlAuntj njAieroui— or, to use 
a familiar comparison, injt-ith/tjtefl. And that well-known toy, 
which hius lieguiled our IsoyluKid’s hours hy its rotation, may 
show to the isopular mind a familiar example of the obliquity 
of the ecliptic, when the top leans to one side while spinning, 
yet describing a circle in its course while kept in motion — 
the former illustniting diurnal revolution, and the latter 
annual rotation. 
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43 . Dlmjrnm illtuttrating Theory of Unequal Poige in the 
Earth's Axis of IhAatam. — The annexed diagram, exhibiting 
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a section of the earth, will servo to illustrate the drill of our 
theory regarding the great continental elevations and uceniiic 
depressions of its solid ]>arts above and below the level of the 
sea. Of course the proportions of the external crust ore purpose- 
ly enlarged, as comparcil with the earth’s diameter, in onler 
to make the theory more easily understoisl. There aiv thn'o 
great points delineatetl : 1st, the continent of Asia, having 
the Pueifie t>ceau for its antiiHHles; 2d, the North Aiueriian 
contiuout, with its antipodes in the Indian ( )cean ; and, 3d, 
the depression of the Arctic Ocean, in nil pruhahility having 
an antipodal elevation in an antarctic continent. The line 
of the poliir axis, it will la* seen, tcrminate.s in ttic centre of 
the north polar sea on the one hand, and at a supiK)seil 
culminating mountain in the south polar continent on the 
other. The present inclination of the judar axis to the 
earth’s orhit is shown hy the lines A, and the pi-ohaMc 
extension of that inclination, la^fore the diminution of the 
obliquity, i.s suggcstRii hy the lines 11. If we take into eon- 
siileratiou the fa<-t. that the termination of the.s<* line.s in the 
north hemisphere touches a line of circuinference along the 
most elevated n.*gions, we can understand how the centrifugal 
motion of the eartli is aeeel<*mted at these nngle.s, having its 
true apex of revolution at the south pole. When we < on- 
sider. al-so, how delicately our planet i.s poi.s»*.d in spue*-, and 
the inealculahle power e.\ei’eis«-d hy its subterranean forces in 
aifecting it.s iMpiilihriuiu, it cannot he deemed unphilo.sophi<'al 
to cou.siiler the pre|ion<Ieran<;e. of land in the nortiiern heiiii- 
spheiv, and the central volcanic action whi*:h elevated these 
regions, as the jirimary motive jwiwer in the earlier epochs 
of the earth’s geological history that caused the inclination 
of it.s axis, thereby displacing the eijuatorial j»lane from the 
plane of its orbit, and jiroduciiig the vicissitudes of the seasons 
tliat did not previously exist. 

44. Argument in sujqxjrt of advancing the Theory. — It 
may he said that the conclusions arrived at here are not sup- 
ported hy geological evidence, or if they are, it is in a degree 
so small that they do not warrant such stupendous deiluc- 
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tioiw. Fii n‘j>Iy wo advance the logical atguineiit, that it w 
not tlii^ alnindanco of testimony at the outset that sulistan- 
tiates ti principle always; for there are many truths now 
esUihlishcd wliicli sprang from appanmtly very feeble pro- 
positions. No stmly has proveil that in a more forcible 
inanncr than geology itsedf, where we have W3en the for- 
merly-despised hypothesis that fossils were <iiganic remains, 
iMicoim? the liasis of the whole science — connecting ex- 
tinct Willi living si>ecies of plants and animals, and open- 
ing up for human contemjdation a field of knowledge only 
si'ooml to the stutly of astronomy its<df. If our theory l>e 
viewed ill that light, as simply suggesting a new process of 
generalisation from existing data, there can be nothing rash 
in advocating it. It d<»es not start a new system of classi- 
fying seilimentary strata or crystalline rocks ; or infringe 
upon the* d<K-trines of g«‘ology as estahlishc*d on existing 
eaus(‘s and effects. All that we have emleavouriHl to show is 
additional eviilence in the e^irth itsedf, not inercly considen^d 
in its minor parts hut jis a grand whole, that fr»m geologi- 
eal causes have sprung astnuiomical effects which further teiul 
to exalt the science. From the structun' of our own planet 
the study is now extending to a knowledge t»f the physical 
comlition of her s;itellite and other mtunhers of the planetary 
sphere; so that, as tihserveiN incn'use their knowledge by im- 
proved instruments, we may have in time a geology of the 
stdar system. As a step in that direction w’e have tix^ated the 
structure of tlie earth in tln*se brief geological j^assages more 
as a unit of that system than in its terrestrial magnitude. 
This naturally brings us to the consideration of our sub- 
ject from its astronomical point of view, and to see what 
light the? planets throw upon our theory of the origin of the 
seasons. 
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45. Prnhh'm of th* Enrtlia Arts Itcuttj indluvil not r/comc/- 
ricttUy — At tlie oul.^^ot of this part of our iii(|uiry wo 

meet with the adtronomical prolilom, whetluT th<^ inolinati<»ii 
of tlio oarthV axia is caiiH^'d hy tlio. (Mpiatorial piano liavin^ 
moved away from the plane of the orbit, or vim vers/i. In 
<»ther won]?*, has the earth in its annual movement round 
the sun diverged from the line of its diurnal moiicm, 
*»r has the latter departed from thfj path of the fonin.T ? 
This question is not yet determined to the snti.sfactiiin of 
astronomers, consequently it is still a moot point among 
them, as we shall presently see. Meanwhile, wc may re- 
mark that, according to our theory, the qmjstioii would be 
more appropriately put as l>etwecn the axis of revolution 
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in-stcad of the planes of rotation. This manner of putting 
tliu prohlotn does n«»t alter its value in the least, while it has 
the advantiigu of placing the question more clearly in a {topu- 
liir point of view, which is aimed at in this essay. Here are 
two lin«‘.s, 08 shown in the diagram subjoined — one rripn?- 
senting the axU of anuwd ruiatlnn, and the other the 
oxIk if iliuriinl revolution — separated from ejM;h <jthcr on 
the circumference (tf the earth by alsiut twenty ♦ thn-e de. 
grees and a half of latitude. If the planetary perturbations 
advanced by o-stronomers Im; the sole disturbing influences, 
tlien il is prolatblu that the axis of the earth’s orbit has been 
deflected from its axis of revolution. On the other haml, if 
oiir theory be the correct one, the axis of daily revolution 
receded foiin that of yearly rotation, sis it is st>en in the 
diagram, where tlie latter is shown by its perpendicular line, 
and the line of the funner cros.sing it at an angle of 231°' in 
iMith lieinisphercs. Viewed in this manner, the distance 
between the tropics resulting from the diffepence between 
the orbital and equatorial planes is only a solar effect of a 
terrestrial cause. At the same tiiim, it must be oltserved, 
we may infer fn>m the principles of b«ith theories, that the 
present inclination of the earth's polar axis is a departure 
fnnn a normal condition Avhen it probably coincided with the 
axis of its orbit. 

40. J’irut'inf/u'ncs the Jird to calculate the. Distance of the 
Tropice . — Having thus endeavoured to show theoretically 
that the uneijual hemispherical proportions of the earth, pro- 
duced by its internal forces, originated the inclination of its 
axi.s, we now proceed to ascertain the exact angle of that 
inclination and its attendant phenomena in the tropic-s. In 
this part of our inquiry we combine the observatiuns of 
geologists and astronomers in elucidating the problem, and 
giving a clear conception of the post condition of the seasons 
os compared with the present Although mankind from the 
earliest ages studied their recurrence within the mote northern 
latitudes of the temperate zone, yet it was on the border of 
ths Tropic of Cancer that the angle of the earth’s axial 
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inclination was first ascertained by oWrviii'f its limit in 
Africa, where the perpondicukir rays of tlio sun at the sum- 
mer solstice fall, as shown on the annexed diagram. Thu 
observer wtw Krotosthenes, an ancient philosopher, l)om 270 
years before the Christian era, at Syene, the most southern 



of the citu.'s (>f ancient fl^'pl. Tlial city was known to Ik) 
sitUHicd exactly under the Tropic of f'nncer ; for at the. sum- 
mer -stiksticc the gnomon of the sunwlial had no shadow, and 
the .«un’s rays illuroin^Ki the Ixjttom »)f u dwp well within its 
precincts. Fronj this circumstance it is suppojwd that he 
applied his i)it;cnuity to the invention of an iuHtriiment for 
calculating the distance lictweftn the tropics and other astne 
nomic:d phenomena, known as an annillary sphere, lly 
means of an instrument of this kind, he olwerved the distancu 
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t() Ixi as n to 83 of the whole circumference of a great 
circle ; a ratio equivalent to 47** 42' 39", half of which gives 
23° 51' 19.5” for the latitude of the tropics in his <lay. 'iliis 
in a very important observation, as the distance is now re- 
duced to 23° 27' 24.2”, showing a considerable diminution in 
the inclination of the iMirth’s axis ; or, as astronomers desig- 
nate the phenomena, “ in the diminution of the obliquity of 
the e<‘liptic as indicated by theory.” * 

47. Anfronotiiirnl Theory of Axial Inclination ilf'mynated 
“ Ohfiquitij of the Er.liptie." — If it be a demonstrable fact, 
whicli learned geomeU'rs animi it is, that the obliquity of the 
ecliptic has Itecn diminishing during historical periixls, we 
have hi>ni the most suhistantial data to infer that it must 
have Iteen gn^ater in prc-historic ages. It is true that 
their computations arc conhne<l to a very limitetl diminution 
of the obliquity; “an<l theory has shown that the cause 
of the <li.s]ilaeement is the action of the planets, [larticularly 
of .Iupit<-r ami Venus, on the earth, by virtue of which the 
plane of the earth's orbit is <lrau'n nearer to the planes of the 
orbits of thefa^ two planets. This, however, though by far the 
most con.siderable, is not the sede cause of the phenomenon ; 
for thetiry also shows that a slight motion of the plane of 
the equator is prmluced by the attnu^tion of the .stin and 
moon, but so very minute tlnit its etfects will only lH?eome ap- 
[•reciable after a long .sejies of age8.”t This brief description 
emlKMlies the genenilly - receive*! «hK'triiu‘ of astnuumiers 
a.s n'ganls tht* inclination of the earth’s axis, which, on 
their *iwn showing, is Iwsetl up*m an alvstruse the*>ry reganl- 
ing tin* perturbations of certain members of the idanetary 
spher*'. It is entirely transmun4lane, and ignores the (‘srth 
iLi having hml any intluenco in bringing about this most 
important part of its condition, afh'cting as it dcK's the 
destiny of idl created things upon its surface. On the other 
hand, there is ahun«lanl evidence in geology to show that in 
its earlier eiwchs a much greater obliquity of the ecliptic 
exisU'd than anything even hinted at by astronomers. And 
* Art. " Astronomy," * EnrycIo]*wdia Britannica.' t Ibid. 
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as it Is a question at urhat angle of displacement tlie diminu- 
tion continually going on from year U) year will cea.sc, .so is it 
a problem to be solvcil os to what w’a.s the extreme obliquity 
in fonner ages — or, in other wools, up to what Intitmle did 
the tropical dtH-lination of the sun reach during thtt summer 
solstice in the north hemisphen* at its gtvatest j»rilhary iirtgle ? 

48. Aftifunie*t Limits to Tropiml Om'iltntion of OMo/ntty. 
— At the prcsi'ut day we find that tho maximum declination 
of the sun, which marks the outer lines of the tnq>ical >!onc.«. 
is computed at 23’ 27’ 24.2’; a centut}' kwk it Wiis 23'“ 28' 
l.V; and if we accept the calculations of Emtosthcncs twenty 
centuries ago, it was 23® 51' 19.5", This diminution of 23’ 
HTt.y, in such a sjtace of timem: two thou.'<and year.s, is small, 
and may well satisfy timid minds that any vital changes in 
the sc,xsous need not l»o apprt-lieniled in their day, or for 
many generations to come. Aiul so far, therefor*', might this 
I«irt of our .subjK't 1 h* summarily dismi.s.sed, as it has Im-i'ii by 
the astitmomers, who stiite, rather contidently, we think, and 
msm indct<-nninatc gMumls, as alrcatly mentioned, “ that the 
planc-s of the ecliptic and e<juator, which have been npproai h- 
ing to each idher tluring the last 20tl0 Y*‘ars, will, in the 
course of some thou-sumls of years mor**, lK*gin to re* <*di*.” 
Al.<«>, that “the gradual diminution of the obliquity of the 
ecliptic might lea«I us to fiup|M>.<M- that a time will ultimnbdy 
arrive when that plane will coincide with the ispuitor, and 
th(! earth Iw deprivtsl, in cfmMsjucnce, of th*; agn-i-able viei.s- 
situdes of the wasons, But tin* theory of universal gravitation, 
which ha.s revealed the cause of the diminution, ha« al.s*» 
shown that there are certain limits which the nnghs of the 
two planes can never cxcfMsl, ami Ixjtween which it must con- 
tinue for ever to oscillate.” * 

49. Advantages of Geoloykal Research into Vestiges of 
Extinct Ept>chs . — These arguments may be very consolatory 
to the agricultural mind that dreads any vital change in 
the seasons ; but they shut out all investigation reganl- 
ing the former conditions of our planet, when those vicis- 
* Art. “Astronomy,” ‘ Eneyclopiodiia Britannica.’ 
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nitiules wore not in oxutence, or in their mdimentaiy 
AtiigoH. It is very different, however, if we trace this 
phenomenon to causes tliat are coeval with the solid stroc- 
timi of uur planet, of which the islands, continents, and 
inouiitnin-chains are the vestiges of the inconceivable internal 
fonres through which those comparatively placid changes in 
the t4'm]K‘mto ri'gions originated. By adopting the geological 
modu of investigation, additional light may be thrown upon 
the extinct oi;gaiiio world, whose fossil remains are found of 
tro]>ical ty]ie.H in the rocks of the north temperate zone and 
the ait'tic n'gions. Hitherto the science of geology has un- 
fiMed tlic wondrcjus history of the earth, from its primeval 
••jifM-h «lown to recent ages, funiishing a panoramic view of 
tlie j>r(»gn'ss of its inorganic matter, and the development of 
the vegetable and animal kuigdoms. As a concentration of 
the physieal .sciences applied to natural phenomena, in order 
to eluci<lat«« that hist<»ry, the results have been most satis- 
factory ; and every <lay fresh views of igneous and aqueous 
agencies, extinct fauna and flora, and the antiquity of man, 
an' being added to the accumulating facts. Still, it must Iw 
udiiiitted that the chain of events is incomplete. There are 
gaps ill the 8e«iuence of ei>ochs that remain to be filled up, 
notwithstanding the indefatigable lalwurs of deep-thinking 
and far- .seandiing geologists and naturalists. Moreover, 
throughout the data on which the various periods are founded 
--notwithstanding the wondrous restoration of disjointed 
fo.ssil retnain.s intti their living semblance — there is a want of 
vitality in the pictun*s, which might be added if geological 
investigation w'as turned more in the direction we propose 
going — leading, as it wore, to the condition of the sea and 
the atmosphere, ns well as of the land, during past geological 
jM'.rinds. By this method of research we may obtain correct 
glimpses of the extinct landscapes and sea-views which once 
prevailed in the latitudes of Europe ; and bo able to account 
more satisfocbwily for the existence of the extinct species of 
nuimnls that flourished under a tropical climate in the British 
LhIcs — or oven in Greenland, where a frigid clime now prevails. 

D 



60 


URIOIK OF THE SEASONS. 


On this interesting and important hranoh of our in(iuiry 
Humboldt observes ; — “ The cold regions of the earth «'ontain, 
deposited in sedimentary stnita, the products of tropical cli- 
mates; thus, in the coal-formations, wo find tlio trunks of 
palms standing iipright amid conifene, tree ferns, gtuiiatites, 
and fishes having rhombuidul osseous scales; iu the Jura 
limestone, colossal skeletons of crocodiles, plesiosauri, 2 )hum- 
lites, and stems of the cycadem ; . . . . and, lastly, in trans- 
ported soils, and in certain caves, the Ixmes of elejihants, 
hyenas, and lions. An intimate act[uaintiince with the jdiy- 
sical phenomena of the universe leads us to n*gaiil the j)^)- 
<lucts of warm latitudes that are thus found in a lv.>.ssil ecuidi- 
tion in northern regions not merely as incentives to barren 
curiosity, but !W> subjects awakening deep relh-ction, and 
opening new sources of study.” 

50. Foml Organic Jicmaius and hiring Aninadu a 
Popular Study . — It is in the spirit reeonimeuded by the 
earnest-thinking author of ‘ Cosmos ’ that wc venture to sug- 
gest a new mode of inquiry into this open field of investiga- 
tion, Yet it is sometimes necessary, in the midst of pndbund 
aigument, to enliven the natuml curiosity of the i»opular 
mind by familiar illustrations, iu order that the general 
reader may take more interest in the (piestion. For instanc'c, 
whcjii persons visit the Zoological Gardens in Loudon to sec 
the caged monarchs of troi)i(:al regions, how few think, or 
even know, that at one jteriod in the geognostic history of 
the British Isles, monster mammals and reptiles of similar 
types, bulk, and form to these, were the “ lords of creation ” 
on the very ground whereon they stand, or in the surround- 
ing country, but under very different climatic and terrestrial 
conditions ! How few know that the ancient progenitors of 
these huge creatures — the elephant, rhinoceros, hippopotamus, 
lion, tiger, and hyena, with crocodiles and other ferocious 
animals — ^roamed through the tropical forests and inhabited 
the waters of Great Britain ! and how few know that remains 
of such anim^ are found in the very London clay which 
forms the substratum under the soil on which the Gardens are 
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laid out ! Such, however, is the fact, which has heen indis- 
j»utal)ly prov(Hl to the most sceptical mind by the researches 
of Sir (’harles Lyell, I’rofessor Owen, and a host of other 
men of science, I,.ooking, therefore, at the assemblage of 
animals in that unriv, ailed zoological collection from this point 
of view, the visitor sees nothing new that has not existed on 
the spot before, during the tropical epoch that nurtured simi- 
lar gigantic forni.s. All the difference is, that man has brought 
them at immense expense, trouble, and danger, fntm distant 
regions, and, to protect himself from their destructive nature, 
he lias <-aged them behind strong iron bars ; whereas their 
extinct prototypes njoved about in unrestrained liberty — in all 
probiliility before the human race existed. 

51. L’linhin Zooloiju’al a Itestoratitm of Extinct 

Fdiiiid. — ll(jw stninge, yet true, that at one period there was 
a gr<*at lake all over the laml where Lon«lon now is situated, 
and that amphibious monsters wallowed on its muddy shores, 
just as w<! sec tlrt rhinoceros and hippopotamus in their 
jionds within the enclosure of the ganlens ! It might even 
be that when the rhimweros emerges from his bath, turn- 
ing his horned muzzle to some child’s hand for cake, oov- 
erctl with claggy particles rooted from his watery lied, the 
sajne clay was stirred up by the indigenous hipjiopotami of 
Ib'ilain during its troj)ical era. How strange, also, that 
among the giant trees of the prime^^vl forest, and the dense 
jungle which then existed on the margin of that lake, the 
lion devoured his prey, aw’akcning the echoes around with 
his roar, juobably within hail of the very locality where the 
growl may be heard of his African descendant at feeding 
time ! And stranger still, the vestiges of that bygone epoch 
prove that the kangaroo which has been brought from Aus- 
tralia to hoj) about an enclosure fifteen thousand miles from 
its native land, is only a living representative of pouched 
animals that once grazed on the pasture-lands of England ! 
Moreover, turtles at that period laid their eggs on Primrose 
Hill — which rose above this extinct lake like a small gravelly 
isle — after they had been swimming over the site of eht 
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Mansion House, urhere otheis of their kind, brought from 
the West Indies, a distance of four thousand miles, are now 
boiled down into aldennanic soup 1 And more wonderful 
still, frogs iMger than turtle croaked in the jungles of our 
isle, with a noise probably greater than the lion’s roar ! But 
it is not our purpose to enter minutely into the zoology of 
tills epoch, as it has been done sufficiently by eminent geo- 
logists. Suffice it to add, that among the rcMiiains “A 
crocotlile has l»een described by Dr Buckland from .Shopj>y 
and Bognor; and an alligator has l>ecn announced by Mr 
Searles Wood at Ilordwell. Thus it would appear that tho 
eo«ienc reptilian fauna of Britain was of a tropical character, 
even as the mammalian and inrertebrat<‘ faunas of that ]>oriod, 
and as the plants, appeared to have been.” * 

52. Keic Boianiml Ganlem a Restoration of Extinct British 
Flora . — In like manner — following up our inquiries in thi.s 
familiar way — ^^'isito^8 to the Kew Cardens, on entering the 
palm-houses there, heated to an uncomftrtuble degree, are 
breathing an atmosphere of the same temperature, and seit 
vegetation of a similar character, to that which prevailed 
during that epoch. As to the amount of vegetation which 
flourished and decayed on the land in these ages, we have 
e^'idence, in the extensive coal-mciisures of England and Scot- 
land, that it must have been of a more luxuriant and tropical 
character than exists at present ; while we find living types 
of that flora in the tropics of Australia. But as this branch 
of our subject will be more fully entered upon in the part 
treating of “ the air,” we shall reserve further details until 
then. Meanwhile, let it be understood that there are geo- 
logical data from which it is impossible to infer anything 
else than that a tropical climate, with its animals and plants, 
existed once in European latitudes, the same in condition 
and intensity as now exists within the tropics of Asia, Afrim, 
America, and Australasia, at the level of the sea. This licing 
the case, it only remains to consider the question that natu- 
rally arises. Under what circumstances did this intensely hot 
* Professor Owen in ' Reports of the British Association.’ 
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period originate 1 Aa usual, many theories have been pro- 
pounded which have evoked learned discussions on this 
point, but witliout any satisfactory conclusion being attained; 
and it is just passible that our theory may be thrown into 
the limbo of rejected scientific speculations. Nevertheless we 
shall do our best, without fear of ridicule, to lay it before the 
]iublic, especially as some of the theories discarded have been 
advanced by those who possessed a higher reputation for 
scientific research tliau we can lay claim to. 

53. Iluiuhjldfa Tluiory of the Tropical Epoch in Europe. 
— Without entering into the numerous speculations and dis- 
cussions on tills point, we shall quote first from Humboldt’s 
* Cosmos ’ a pa-ssage M'herein the great physical philosopher 
hints at the possibility of this tropical era in the present 
cold regions of the earth having arisen from an excess of in- 
ternal Iicat in the planet itself, more than from the external 
heat of the sun, as follows ; — “ I apply the term volcanic, in 
the widest sense pf the word, to every action exercised by 
the interior of a planet on its external crust. The surface 
of the globe and that of the moon maiiife.st traces of this 
action, which, in the former at least, has varied during the 
course of ages. Those who are ignorant of the fact that the 
internal heat of the earth increases so rapidly with the 
increase of depth, that granite is in a state of fusion altout 
twenty or thirty geographical miles below the surface, cannot 
have a clear conception of the causes, and the simidtaneous 
occurrence of volcanic eruptions at places widely removed 
from one another, or of the extent and intersection of circles, 
of comnwtion in earthquakes, and equality of chemical com- 
position observed in thermal springs during a long course of 
years. The quantity of heat peculiar to a planet is, however, 
a matter of such importance — being the result of its primi- 
tive condensation, and varying acconling to the nature and 
duration of the radiation — that the study of this subject may 
throw some degree of light on the history of the atmosphere, 
and the distribution of the orgiuiic bodies imbedded in the 
solid crust of the earth. This study enables us to under- 
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stand how a tropical temperature, independent of latitmle 
(that is, of the distance from the poles), may have IxHfu pm- 
duced by deep fissures remaining open, and exhaling heat 
from the interior of the globe, at a pt*rioil when the earth’s 
crust was still furrowe«l and nuit, and only in a state of sonii- 
solidification ; and a priinunlial condition is thus rcvt'aled to 
us, in which the tem|HTatun* of the atmosphere, and climates 
generally, were owing i-ather to a liberation of caloric and of 
different gaseous emanations (that is to sjiy, ratlier to the 
energetic reaction of tlio interior on the exterioi), tlian to 
the. jiosition of the earth with respect to the ce I'^ral body, 
the sun.” This view of IIiimlHddt's may be cousideivu 
the extreme of geological views accounting for the trupical 
era of Europe ; nevertheless it shows the o]>inion such an 
eminent authority had concerning tin; “ furrowed and rent ’’ 
condition of the world in its juistine state, when he infei-s a 
degree of volcanic action and »listurbanc*e of its etpiiiibrium 
that might not only lx? sufficient to account fi>r the oblitpiity 
of the ecliptic l)y volcanic forces, but aliuost to cause the 
ef^uator and the poles to change places in relation to the 
earth’s orbit. 

54. 77ieor// of a Perp*‘f»aJ Kiftiinox havituj oim' rxintci . — 
Acconling to Lycll ; ‘‘ At first it was imagined that the earth’s 
axis had been for ages jicrj»en«licular to the plane, of the. 
ecliptic, so that there w'a.s a peipetual etpiinox and uniformity 
of the seasons throughout the year ; that the planet enjoytsl 
this ‘ paradisiacal ’ state until the era of the great Hood ; hut 
in that catiistrophe, whether by the shock of a comet or 
some other convulsion, it lost its equal poise, and hence the 
obliquity of its axis, and with that the varied .seasons of the 
temperate zone, and the long nights and days of the polar 
circles.” At the period when this and other theories of the 
earth were propounded, it was the custom to call in astro- 
uomical and miraculous influences to account for certain ter- 
restrial phenomena, of which many have been since prove«l 
to emanate from causes within the sphere of our planet itself. 
This arose in a ^eat measure from ignorance of the science of 
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geology, as at present established, even in its rudimentary 
principles. In its place an arrangement existed of fanciful 
theories called generally the Coemogony of tlie World, com- 
]>ri8ed of little else than a conglomeration of astronomical and 
Scriptunil dognuis. It was not until the banning of the 
present century that correct views concerning the structure of 
the earth were cntertaincil, and our knowledge regarding its 
ancient development is daily e.xtendiug. Even “ within the 
memory of the present generation the science of geology has 
made immense progress. Aided not only by the higher 
bram-hes of physics, but by recent discoveries in mineralogy 
and chemistry, in botany, zotdogy, and comparative anatomy, 
it Inis extracted from the archives of the interior of the earth, 
records of former comlitions of our planet, and deciphered 
documents that were a sealed book to our ancestors. It ex- 
tends its researches into rttgions more vast and remote than 
come within the .scope of any other physical science except 
astronomy, of which it has l>een emphatically termed the 
si.ster scienee." * 

55. Eiuilrncc of a Pcrin-fufil Equinox in the Planet Jupi- 
ter . — Notwithstanding the j>rogress of theoretical astronomy 
tluring the past century, the practical knowledge of the 
physiciil constitution of [)lanetuiy bodies was still in its 
infancy from the want of suiKcieutly powerful instruments 
to examine and comjiare their structure. During the present 
century great striiles have been maile in the construction and 
niagnitudi! of telescopes and other astronomical instruments, 
e8j)eeially the gigantic telcsco|H) of Lonl Kosse, which mag- 
niiics the lunar <lisc so that a space of a few hundred yanls 
square may be discernible to the observer. These instruments 
have revealed to us the fact tlut every planet and satellite 
belonging to the solar system, and even the sun himself, has 
an obliquity of the axis, and that not two of the former 
present the same degree of displacement between their orbits 
and equatorial planes, while they range at angles of inclina- 
tion from 3° to 75°. Into this part of our subject we shall 
• Art. “ Geology,” ' Imperial Dictionary.’ By John Ogilvie. 
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eiitw more ib31y in the next section, txeating of the asiion- 
omicii^ phenomena of the seasons. Meanwhile, let us remind 
the reader that the cosmogonist who propounded the theory 
mentioned by Lyell, of the earth’s axis having been probably 
at one period perpendivolar to the plane of the ecliptic, might 
have supported his hypothesis astronomically by referring to 
the planet Jupiter as at present enjoying within a few dogre(>s 
this paradisiacal ” state of its seasons — if such it may be 
considered where almost no variation reigns during its per- 
petual equinox. And if he had been acquaiutoil with the 
principles of geology known at the present day, he might 
have advanced a theory of subterranean forces ti> aci i. ml fer 
the equal poise of the north and south hemispheres lK*iug 
lost, instead of an imaginary cataclysm or collision witli a 
comet. So far, therefore, this theory, which is consuh-ri'U t>> 
be exploded by the arguments of astronomers, may Iw Ibund 
in time to have been well conceived, though erronciiusly 
carried out. 

56. Domes of Elevation and Basins of Depression in the 
Earth's Crust. — ^ow that the conjectures of cosmogonists 
are exploded, and the theories of alternate violence and re- 
pose modified by the researches of geologists, there is no 
necessity for resuscitating these opinions that have now been 
long buried. Nevertheless, should there be evidence to 
incline us towards a belief in the subterranean forces ttf our 
planet having been at earlier epochs greater in degree than 
in later eras, we should not discard the theory because it 
apparently assimilates with exploded conjectures. For ex- 
ample, the expansion of the rocky matter forming the igneous 
formations of the earth’s crust by heat, and its subsequent 
contraction by refrigeration, are among the best-establishctl 
principles of geology. We have evidence that on many 
elevated regions there are spots where, in cooling, the rocks 
have shrunk so as to cause deep ravines, and generally to 
contract the area of the original molten mass. From this it 
is inferred that as the refrigeration proceeded of the primitive 
crystalline rocks on which subsequent formations were dc- 
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posited, domes of elevation” weie foimed, wi^ oiificee 
through, which the molten rooks .were empted, gradually 
forming the great mountam-chains and solitary peahi^ nn^ 
they cooled and solidified into permanent shroctures. On the 
other hand, where the plastic rock lay under the superineum' 
bent pressure of the ocean, it subsided, in proportion to its 
elevation elsewhere, into basins of depresnon.” Thus we 
liave u principle of expansion or swelling of the earth’s crust 
thiat must have been more active at earlier than later periods 
of its formation, inasmuch as with the cooling of the rocks 
the rents for these subterranean forces became gradually 
closed up. It is evident, therefore, that the movements of 
the earth internally must have been at one time greater in 
degree than another, simply because the movable mass of 
matter was greater ; and it is not rash or unphilosophical to 
coiicliule that such internal movements affected its external 
revolutions while so delicately poised in space until it lost 
its polar etpiilibrium. 

57. Lytiir « Theory of “ Uniformity of Change,” Fast and 
Fremoit . — At this stiige of our im^uiry we meet again w’ith 
the arguments of Sir Charles Lyell in support of his theory 
of “ uniformity of change” in reference to the living creation, 
subterranean forces, and seilimentary deposition. This theory 
implies that the tropical, temperate, and frigid zones, as they 
muv exist, have been perjietually the same in latitude, or at 
all events unchanged from the primary epochs* of geological 
time to the pre.sent day. In support of this hypothesis it is 
advanced that if, by a different distribution of the land above 
the level of the sea without enlarging or contracting its area, 
the continents and islands were disposed w'ithin the polar 
regions on the one hatul, or the tropical regions on the other, 
extremes of heat and cold would be produced in the climates 
of the globe. Upon this kisis the theory of uniformity of 
change in the climate of Europe is founded, from its extinct 
tropical heat to its present temperate seasons, by reason of 
the upheaval and subsidence of immense tracts of land — 
evidence being given where vestiges of these subterranean 
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movements have occurred in modern history. Without 
entering into the elaborate details of this complex theory, we 
give the following passage, which briefly describes its purport : 
— It appears that when the oldest or eocene tertiary deposits 
were formed, a warm temperature pervaded the Kuropi'an 
seas and land. Shells of the genus nautilus, and other forms 
characteristic of tropical latitudes ; fossil reptiles, such as tin* 
crocodile, turtle, and tortoise ; plants, such as palnis, iMioa- 
nuts, the screw pine, the custird-applo, and the araeia all 
lead to this conclusion. This flora and fauna were f »11 owim 1 
by those of the mioceno fonnation, in which indieali«'iis t»f 
a soutliern hut less tropical climate are detecti^l. I'iiially, 
the pliocene deposits, wliich come next in succession, 
in their organic remains a much nearer aj)j>roach lo tlie s^ite 
of things n(»w prevailing in convspoiuling latitudes. It was 
towanis the close of this period that the seas ol‘ tlie norlle-ni 
hemisphere hecamo more and mure Idled with floating ie» - 
In^rgs, often charged with erratic* blocks, so that tin* waters 
ami the atmosjdicre were chilled by the melting i< e, and an 
arctic fauna enabled for a time to invade the temperate lali 
tildes of ludli Xorlh America and Europe. The extinction nf 
a consitlerable lumibcr of land quadrupeds and aquatic lunl- 
lusca was gradually brought about by tin? im;rea>ing severity 
of the cold ; but many species survived this rtjvolution in 
climate, either by their capacity of living under a variety nf 
conditions, 4»rbv migrating fora time to monj soutluuai lands 
and seas. At length, by modifications in the. physical gtMi- 
graphy of the northeTU regions, and the cessation of floating 
ice on the Ciistern side of the Atlantic, tin; cold was mode- 
rated, and a milder climate ensued, such as we now enjoy in 
Europe.” 

58. Fimll Evidence of a widely • extended Tropical Ite- 
gion . — Tracing back through the secondary formation, and 
still older strata, for fossils proving the change of climate in 
Europe, Lyell proceeds as follows : — “A great interval of time 
appears to have elapsed between the formation of the secon- 
dary strata, which constitute the principal portion of the elc- 
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rated land in Europe, and the oiig^ of the eocene depoeite. 
If we examine the rocks iirom the New Bed Sandstone to the 
Chalk inclusive, we find numy distinct aasemblagee of fbesils 
entombed in them, all of unknown species, and many of thmn 
referablu to genera and families now most abundant between 
the tropics. Among the most remarkable ate reptil<» of 
gigantic size, some of them herbivorous, others carnivorous, 
and fur exceeding in size any now known even in the torrid 
zone. The genera are for the most part extinct, but some of 
them, os the crocodile and monitor, have still representatives 
in tlni wanner parts of the earth. Coral-reefs also were evi- 
dently ninnerous in the seas of the same periods, and com- 
posed of species belonging to genera now characteristic of a 
tropical climate. The numlier of very large chamljcred sheUs 
also Icatls us Uy infer an elevated temperature ; and the 
associated fossil plants, although iniperfectly known, tend to 
the same conclusion, the cycadeic constituting the most 
numerous family, lint it is from the more ancient coal- 
deposits that the imwt extraordinarj* evidence has been 
supi)lied in jiroof of the former existence of an extremely 
unifonn, moist, warm, and equable climate in those latitudes 
which an* now the colder, ami, in regard to temperature, the 
most vuriabh>, regions of the globe. . . . The flora of the 
Coal apiH'urs to indicate a high teraperatun* in the air; while 
the fossils of the contemporaneous mountain-limestone, com- 
prising abundance of lamelliforin corals, lar^-chambered 
cephalopods, and crinoidia, naturally lead us to infer a great 
warmth in the waters of the northern sea of the carboniferous 
p(U'iod. So, also, in regard to strata older than the coal ; they 
contain in high northern latitudes mountain masses of corals 
which must have lived and grown on the sjmt, and large- 
chambcrcil univalves, such os orthoccrata, which 'indicate, 
even in regions bordering on the arctic circle, the former pre- 
valence of &n elevated temperature. The heat and humidity 
of the air, and the uniformity of the climate, appear to have 
been most remarkable when some of the oldest fossiliferous 
strata were formed. The approximation t|^ a climate similar 
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to that now enjoyed in these latitudes does not coiumetu-u 
till the era of the formations termed tertiary; and wliilu the 
different tertitxry rocks were deposited in succession, tliu 
tcmpemtiuo seems to luive been still further lowered, and to 
have continued to dimmish oven after the appearance upon 
the earth of a considerable number of the existing species 
— the cold reaching its maximum of intensity in Kuroj)ean 
latitudes during the glacial epoch, or the epoch immediately 
antecedent to that in wliich all the species now contem- 
poraiy with man were in being.”* 

59. Lydti Theory not eujicient to mice the Question . — To 
account for these geological evidences of extraordinary i;hange.s 
of temperature, the data and arguments ailduced are volumin- 
ous, and based upon the theory of uniformity of change in 
the land and sea as observable since the historical ckl Hav- 
ing the highest regartl for the principles of geology as i>ro- 
pounded by Sir Charles Lyell, and the research shown by 
him in treating of its details, we are not disposed to reject 
his aiguments absolutely. At the same time we must admit 
that, after carefully weighing all the evidence, it is not suffi- 
cient to convince us that it affords a complete solution of the 
problem. There appears to be some link ivantiiig in the chain 
of testimony — some leading phenomenon connected with the 
structure of the earth that has either been overlooked or ha.s 
not yet been discovered. May we not find that missing link 
in the theory herein advanced, that the tropical zone extended 
beyond its present latitudes during these ej»ochs, when it 
reached a maximum probably twice its present limits, and 
afterwards gradually diminished? This hypothesis is not 
incompatible with Lyell’s theory, provided the subterranean 
movements be considered to have been of greater magnitude 
at primary periods than subsequently or in the present era, 
acquiring their maximum of force during the epochs of the 
secondary formation in the northern hemisphere,* and gradu- 
ally diminishing during the tertiary epochs, when their great- 
* Ljell’s ‘ Principles of Geology.* 
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cat power was transferred to the southern hemisphere. The 
admission of sucli a principle would divest Lyell’s theory of 
its complexity, and render the study of fossil, vegetable, and 
animal remains more satisfactory to the inquiring student of 
geology, who is at present perplexed with the conflicting 
(.‘videmte of the past and present history of the organic world. 
IToreover, it might tend to show the astronomical observer 
that the physical influences which produced the variations of 
the seasons have been of a simpler character than the intri- 
cate perturbations attributed to the origin of these pheno- 
mena. 

60 . ComhineA with our Hypothesis, eapahk of giving a 
better Solution . — ^\Ve have said that the theory of Lyell is 
not sufliciemt to convince us of such a vital change in the 
(dimate of Europe as geological testimony indicates, but that, 
with the addition of our hypothesis of a widely-extended 
tropical zone, it would be more satisfactory. This is espe- 
cially the case with the section w’hich endeavonrs to show 
that the diminution of the earth’s obliquity of axis by reac- 
tionary subterranean movement has been slow and uniform. 
Let ns once believe in the changes of climate resulting from 
the contraction of the tropical zone, after reaching a maxi- 
mum double its present latitude, and the epoclis of the eocene, 
iniocene, and pliocene formations, followed by the glacial 
period, may be more satisfactorily accounted for than before. 
It is perfectly consistent with it that the geological changes 
during those jicriods were going on with all the uniformity 
he ns.serts, while the astronomical changes we siiggcst stamp 
the fossil records with the seal of truth. On the one hand, 
our theory does not support the old hypothesis of sudden 
universal catastrophes overwhelming animated nature, or vio- 
lent changes of climate ; and, on the other hand, it eschews 
the extravagant periods of geolc^cal time, computed by geo- 
logists from the deposition of sedimentary strata. Steering 
a middle course, we shall further endeavour to show that, 
although no cataclysm happened to the earth in its earlier 



62 


ORIOIK 07 THE SEASONS. 


ages; there axe astronomical data for concluding that it reached 
an extreme phase in its annual rotation ] also that, thougli 
the epochs of its history may not be sempiternal, we have 
astronomical time sufficient to calculate the lapse of viist 
periods since a tropical sun shone U]m>u the lands of Northcni 
Europe. 



CHAPTER IV. 

KXTiNCT TKOPiCAi. EPOCH IN EUROPE. — Continued. 


Sir Ilprx licrs astronomical views on the? subject, § 61. -His suggestions 
of a former greater degree of solar heat, 62. — M. Poisson’s theory of great 
stellar heat in space, 63. --l^roblein of tropir al epoch in Eurojie unsolved 
by astronomical theories, 64. —Difference between a planet'.s axial and 
orl»ital inclination, 6,0. — l*rece.s.sioii of the equinoxe.s and it.s physical 
cause, 66.— Di.stincti(»n between the phenomena of precession and uVdi- 
ijuity, 67. Secoiidary causes that produce the seasons well known, 68. — 
Secular diminution in the inclination of the earth’s axis, 69. — Average 
diminution in a century, 70. — Tropical ejMxdi in Kun>jK? accounted for by 
an extended torrid zone, 71. — Probable jH.*riod when the earth had no in- 
i lination of axis, 72. The planet Jupiter an example of the earth at this 
period, 73.- -Temperate latitude.s at thi.s |>eriod a j»erpetual .spring, 74. — 
Actiim of internal forces during earlie.^t geological ejKK'hs, 75. --Primary 
quiescent condition of the earth broken up, 76.— Internal action con- 
tinued thi-oiigh age.s increasing the tro])ical zone, 77.— Argument in 
favour of its having been formerly whlely extendeil, 78. — Its probable 
cxtcn.sit)n ti) 45° of latitude, 79. — Computation of geoh»gical time by 
stratified rocks, 80. — Conqmtation by.extinction of st>ecie,s. Sl.—CroH’s 
estimate of glacial period by pix'ces.sion of the equinoxes, 82. — I^te of 
diininution of ohli(piity a luisis fur calculating geological time, 83. — Not 
tc» be considered arbitrary, but suggestive, in the formula of computa- 
tion, 84. 

01. Sir John IIerfichcI\'i Astronomiail View of the subject . — 
The reniiirkablc changes of climate in Eun»pe that have oc- 
curred within geological })eriods of time have attracted the 
notice of modern astronomers. We arc told that “Sir Jot n 
Ilorscliul liiis lately inquired whether there are any astronom- 
ical causes which may offer a possible explanation of the 
difference between the actual climates of the earth’s siu-face 
and those which formerly appear to have prevailed. He has 
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enterad upon this subject^ be says, impressed with the ntog- 
nificenoe of that Tieer of geological leTolations which reganls 
them rather as regular and necessaiy effects of great and 
general^^nses, than as resulting from a series of convulsions 
and catastrophes regulated by no laws and reducible to no 
fixed principles. Geometers, he adds, have demonstrated 
tiie absolute invariability of the mean distance of the earth 
from the sun, whence it would at first seem to follow that 
the mean annual supply of light and heat derived from that 
luminary would l)e alike invariable. But a closer co'^ ddora- 
tion of tlic subject will show that this wouhl not bo a htgiti- 
mate conclusion, but that, on the contrary, the mean amount 
of solar radiation is dejwndent on the eccentricity of the 
Citrth’s orbit, and therefore liable to variation. Now, the 
eccentricity of the orbit, he continues, is actually dimini.di- 
ing, and has been so for ages lM?yond the reconls of history. 
In consequence, the ellipse is in a state of approach to a 
circle, and the annual average of solar heat radiated to tho 
earth is actually on the decrease. So far this is in acconlanco 
with geological evidence, which indicates a general refriger- 
ation of climate ; but the question remains, ‘NVhether tho 
amount of diminution which the eccentricity may have 
undergone can be supposed sufficient to account for any sen- 
sible refrigeration?”* On this point M. Arago was of opinion 
that the mean amount of aplar radiation can never lie mate- 
rially affected by irregularities in the motion of the eartli. 

62. iris suggeMion of a former greater Solar Heat . — Sir 
John Herschel ventures upon “ another astronomical sugges- 
tion respecting the possible causes of secular variations in the 
terrestrial climates which deserves notice. It has long beem 
known that certain stars are liable to great and periodical 
fluctuations in splendour, and Sir J. Herschel has lately as- 
certained that a large and brilliant star, called Alpha Orionis, 
sustained, in the course of six weeks, a loss of nearly half its 
light. ‘ This phenomenon,’ he remarks, ‘ cannot fail to awaken 
attention and revivu those speculations which were first put 
* Lyell’a ‘ Principles of Geology.’ 
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forth by my &ther, Sir W. Hosohel, respecting the posn* 
bility of a change in the lustre of our sun itself If there 
really be a community of nature between the sun fixed 
stars, every proof that we obtain 'of the extensive prevalence 
of such periodical changes in those remote bodies adds to the 
probability of finduig something of the kind nearer home.' 
Kefurring, then, to the possible bearing of such facts on 
ancient revolutions in terrestrial climates, he says that ‘ it is 
a matter of observed fact, that many stars have undetgoift, 
in past ages, within the records of astronomical history, very 
extensive changes in apparent lustre without a change of dis- 
tance adequate to pro<luco such an cifect. If our sun were 
even intrinsically much brighter than at present, the mean 
temperatui-e of the surface of our globe would, of course, be 
I)roportionally greater. I speak now not of periodical but of 
Bt!cular changes. But the argument is complicated with the 
Consideration of the possibly imperfect transparency of the 
celestial spaces, and with the cause of that imperfect trans- 
paR'iicy, which may bo duo to material non-luminous particles 
ditrused irregularly in patches analogous to nebulae, but of 
greater extent — to cusmical clouds, in short — of whose exist- 
ence we have some indication in the singular and apparently 
capricious phenomena of temporary stars, and perhaps in the 
recent cxtruoixlinary sudden increase and hardly less sudden 
diminution of ij Aryns’ ” * 

03. M. Poisson’s Theory of great Stellar Heat in Space . — 
“Another astronomicitl hypothesis respecting the possible 
cause of secular variations in climate has been proposed by 
a distinguished mathematician and philosopher, M. Poisson. 
He begins by assuming — 1st, That the sun and our planetary 
system are not stationary, but carried onward by a movement 
tlirough space ; 2dly, That every point in simce receives heat 
as well as light from innumerable stars surrounding it on all 
sides, so that if a right line of indefinite length be produced 
in any direction fi*om such a point, it must encounter a star 
either visible or invisible to us ; 3dly, He then goes on to 
* Proceedings Boy. Astronom. Soc., cited by Lyell. 
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assume tbst the dilferant regions of space, which, in the course 
ofMoiUiom ot /ears, are traversed by our systein, must he of 
vwy unequal temperature, inasmuch aa some of them must 
receive a greater, othen a leas, quantity of radiant heat from 
the great steUary iuulusuie. If the earth, he continues, or 
any other large Inxly, pass from a hotter to a colder region, it 
would not readily loei> in the aecoud all the heat which it has 
unhiWd in the tiiet region, hut retain a temporaturo increasing 
^wnwarvU fn>m the surfmre, as in Uie actual condition of our 
planet.” * 

64. Problemv/ Tropical Ejixtch in Europe unsolrcJ hy Adro- 
nomieal Theories. — These and other speculative conjectures nl' 
astronomers to account for the ancient tropical licat that per- 
vaded tlie atiuosphere and ocean in our ti*inj>emt«i Lititudes, it 
is not necessary to go minutely into, »)r to cite the arguments 
of Lyell ami other geologists in their refutation. Sullico it to 
state, that none of tlicm have been accepted a.s in any way 
solving the probleui, not even by astronomers, so tliat they 
do not take rank in the principles of theoretical astronomy. 
It would appear that, in searching for some cosmicul principle 
in the boundless regions of space os the aiuse of these pheno- 
mena, astronomers have overlooked the more probable solution 
to the question we have put forwartl, in a well-established 
principle of our terrestrial sphere itself — namely, the diminu- 
tion of the obliquity of the ecliptic causing the refrigeration 
of climate, from which we infer that there was formerly an 
increase of obliquity creating a general tropical climate over 
the present temperate legions. 

65. Difference between the Inclination of a Pla/uit'e Axis 
and its Orbit . — Not only do the speculative theories of as- 
tronomers fail to account for these extraordinary climatic 
changes, but we are of opinion that the causes they assign 
for the origin of the seasons, from which aU existing varieties 
of climate have sprung, are not sufficient to convince us of 
their terrestrial influence so far. These are the perturbations 
which the most influential planets — ^Yenus, Mars, Jupiter, 
* Lyell’a ‘ Principlea of Geology.’ 
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and Saturn — are alleged to have on the earth's orbit, so as to 
separate its plane from the equatorial plane, and cause the 
obliquity of the ecliptic. As to the secondary causes which 
produce the summer and winter solstices, and the vernal and 
autumnal equinoxes, these are proved to malbematical de- 
monstration ; but it is ot^erwis(i with the primary causes to 
which wo allude. While there are differences between the 
jilanos of the planetary orbits which may bo produced by 
their perturbations on each other's movements round the sun, 
still these do not coincwle with the various inclinations of 
their axes. For example, the inclination of the axis of Mars 
is 28° 51', while that of his orbit is only 1° 51', and these in- 
clinations in V<;nu8 are respectively 49° 58' and 3° 23' ; show- 
ing that the perturbations of the planets, hr)wever much they 
may affect the eccentricity and inclination of each other's 
orbits, cannot bo said to influence the angles of their axes of 
rotiti«in. 'rhis point of our subject we shall more particularly 
refer to when treating of the planets individually. 

(>6. PrecesHinn of the Eqitiuojreit and ita Physical Came. 
— llesides the perturbations of the planets on thq earth’s 
orbit, them are attractive influences of the sun and moon that 
affect its revolution, w'hich are named and briefly descrilied 
as follows : — “ The precession of the equinoxes is a slow retro- 
grade movement of the equinoctial points — viz., from east to 
w'cst, or contniry to the order of the signs. The equinoctial 
I)oints do not retain the ssnue position in the heavens, but 
liave a 8h)W wdrognule motion at the mtc of alwit 50^* in a 
year, or about a degree in 72 years — the equator moving on 
the ecliptic, while the ecliptic remaias nearly coincident with 
the same fi.xcd stars. This phenomenon is ctdled the preces- 
sion of the equinoxes, because it makes the equinoxes succeed 
each other in less time than they Avould otherwise do. In 
consequence of the precession of the equinoxes, the longitudes 
and right ascensions of the heavenly bodies are continually 
increasing, and owing to the motion of the equator, which 
occasions that precession, their declinations also are altered. 
The precession of the equinoxes w'as discovered by Hipparchus 
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a ceutuiy and a half before the Christian era, though it is 
alleged that the astronomers of India had discovered it lung 
before. At that time the point of the autumnal equinox was 
about six degrees to the eastwartluf the star called Spiea Vir~ 
ffinU. In 1750 — that is, about nineteen hundrevl years after 
—this point was observed to Ihj, about 26“ 21' westward of 
that star, lienee it apiiears that the cquinoctitd points will 
make an entire revolution in about 25,745 years."* 

67. Itehceeti the Phenomena of Precemtion and 

Obiiqnity . — The physical cause of this phenomenon, as dis- 
tinguished from that of the. obliquity of the ecliptic, is 
accounted for in the following manner: — “The diminution 
of the obliquity of the ecliptic arises from the disphuamicnt 
of the eclq»tic itself ; the precession of the e<(uinoxes is, on 
the contrary, occsisioned by the continual displacement (»f tiic 
plane of the terrestrial equator. This disjdaceimmt results 
from tile combined action of the sun and moon (for the 
influence of the jdanets amounts only to a fraction of a 
second, and is consequently scarcely sensible) on the mass of 
prutub9nin.t matter accumulate<l about the earth’s equator, or 
the matter wliich forms the excess of the terrestrial .spheroid 
alx)ve its inscribeil .sphen>. 'fhe attracting force of the sun 
and moon on this shell of matter may be resolved into two — 
one parallel to the plane of the equator, the other pcrjien- 
dicular to it. The tendency of this last force is to diminish 
the angle which the plane of the e(|uat(^r makes with that of 
thq ecliptic ; and if the earth had no motion »>f rotation, it 
woidd soon caujie the two ])ianeB to coincitlo."+ In this de- 
monstration of a phenomenon connected with the eijuinoxes 
of the seasons, we And astronomers •aoknowletlging that the 
excess of matter at the equator aflects the earth’s rotation on 
that plane. May wo not, then, as philo.sophically conclude that 
the mass of proiuheratvt mniter in the north as compared with 
the south hemisphere influences the inclination of the axis t 
68. Secondary Causets that jjrodace the Seaeom well 

* 'Imperial Dictionary,’ art, "Precession.” 

+ ' Encyclopoidia BriUnnica,’ art. “ Astronomy.” ^ 
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hnoion . — Of the secondary causes that produce the vicissi* 
tildes of the seasons astronomers furnish abundance of de- 
monstrable facts, with which, wo presume, even the most 
superficial reader is acquainted ; while the scientific reader 
knows that their calculations of the sun’s declination, and 
other astronomical phenomena in the ephemeris, are the most 
profound computations in geometry. With deep learning and 
untiring zeal tliey have elucidated the various phases which 
the diurnal revolution of the earth assumes in its annual 
rf>tiition, passing “from the vicissitudes of the day to the 
sciisons of the year,” as the second fundamental object of 
astronomy. These phases are laid down with mathematicid 
accuracy. Diagrams are executed to illustrate the position of 
the earth in the solar system at tlic advent of spring, sum- 
mer, autumn, ami winter ; and the exact days when the sol- 
8tic(*s and oijuinoxes occur are registered in almanacs for the 
guidance of the public. Abstruse calculations are made to 
define the positions of the sun, moon, ami stars for the use 
of navigators in determining their latitude and longitude on 
every day of the year. These and other practical demonstra- 
tions of the phenomena resulting from the inclination of the 
(‘arth’s axis arc familiar to most people, yet few have thought 
of inquiring into the origin of the secondary causes producing 
these effects. Notwithstanding the many learned disquisi- 
tions to which the obliquity of the ecliptic, as tlie immediate 
cause of the sea.sons, has given rise, still the primary origin 
of that phenomenon, as stated before, remains to be satisfac- 
torily accounted for. Astronomers have not yet determinetl 
mathematically whether it results from the plane of the 
cartli's orbit being displaced from the equatorial plane, or 
vice vemi ; — in less technical language, whether the line of 
annual rotation round the sun has separated from that of 
daily revolution, or the contrary. According to our geological 
theory of this displacement being the effect of forces >vithin 
the earth itself, wo would infer that the plane of the equator 
lias separated from the plane of the orbit — or ecliptic, as it 
is denominated, in consequence of its path being that of 
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eoI^dM. TbaB it would appear that astronomers hitherto 
have been content to point out the sccondaiy causes and 
effocts of the phenomenon without inquiring too deeply into 
the primary causes that produceti planetary obliquity of 
axis ; and so satisfietl apparently are tiioy with these results, 
that it seems unnecessary to inquire any further into the 
question. If n-e placed implicit fititli in these conclusions, 
we might well lay domi our pen and abandon the subject 
of our discourse ; while, under the 'circumstances, it may be 
deemed presumptuous on our part to look for a terrestrial 
solution to the problem, lint wo feel satisfied tliat some use- 
ful re.sult may follow this astiv-geological metluxl of in<iuiry ; 
and in the end we miiy find that as the earth benefits in its 
animal and vegetable life from the. glorious changes in the 
season.*!, so is then' evitlouce to infer that thes«! have spnuig 
from the internal action of tlic givat globe itself. 

G9. Set’ular I)imiuntiim iu the Inclination of the Ihrtlfx 
Axin . — ^The astn>nomical <iuestion arises hem as tt) whether 
the inclination of the earth’s axis «jr the obliquity of the 
ecliptic is the Siime now its at earlier periods iu ordinary 
history ? On thi.s {loint observations have been collected 
extending over the space of two thousand years, showing that 
there is a small hut gradual diminution of the phenomenon. 
The, earliest observ ation recorded, wc have stated, is that by 
Eratosthenes, a famous Oreek philosopher, who flourished in 
the second century before the Christian era. lie calculahsl 
the sun’s declination at 23’ 51' 19.5", which was aftcrwanls 
confirmed by Hipparchus and I’tolemy. In 1860 it was 
computed at 23’ 27' 24.2", showing a diminution within the 
intervening period of 23' 55.3", Of chursc, allowance must 
he made for the nideness of the instruments used by the an- 
cients as compared with those to Ijc found in modem observa- 
tories. “The ancient observers were not, indeed, possessed 
of the means of determining an element of this sort with great 
precision; but as all the observations recorded in history 
agree in making 'the obliquity greater in former times than 
it is now, the probability is almost infinite that the angle 
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formed by the planet of the equator and tiie eeliptic hat 
loolly diminished; for, had tiie difference of Ttlnet aatigned 
to it arisen solely from enois of obewatidii, th^ would have 
been in excess and defect indifferently^ instead of he^ at 
they are, uniformly in excess.”* 

70. Average IHminuiion in a Cbt/ury.— Takii^jtihe aver* 
age diminution of the foregoing extremes of obsenration, the 
result amounts to about 70* in a century. But the ancient 
obscrvatidns being too uncertain, they have been rejected ; 
and, comparing those only which have been made since the 
time of Bradley in 17.55, the secular diminution has been 
Axed at 45.7” in a century. Whether it is accelerated or 
ndarded at different periods has not been ascertained ; but 
there can be no doubt that its diminution is still going on, 
and, with the delicate and miniitely-graduated astronomical 
instruments of the day, may 1>e calculated annually. This 
fact involves the vital point of the whole subject under 
review. The diminution of the obliquity, however gradual, 
however slow, proves that at one periotl It was on the increase, 
and that it may eventually lead to a period when it will 
reach the line of perpetual equinox, and the earth, in conse- 
<j[uence, be deprived of the agreeable vicissitudes of the sea- 
sons. In order to show that such a consummation is not in 
harmony udth the theory of universal gravitation, astronomers 
consider that they find in the disturbing influences of other 
planets the true cause of this diminution, to which they state 
there are certain limits beyond which it cannot proceed, and 
Mill for ever oscillate between them. “ Geometers,” we have 
before stated, “ have not yet ventured to assign the precise 
extent of those limits, •but their existence is certain ; and the 
planes of the ecliptic and equator, which have been approach- 
ing to each other during the last 2000 years, vrill, in the 
course of some thousands of years more, begin to recede.” f 

71. Tropical Epoch in Europe ammnted far by an ei^ended 
Torrid Zone . — Assuming that the earth has been driven into 
its obliquity of axis by its own internal forces, it does not 

• Art. “ Antronomy," * GncyrloptedU Britannica.' t Ibid. 
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follow that this dimiinition will cooso in a fow thonsainl or in 
fifty thousand years, when it will again connuonoo incroa^ing 
the displacement of its pianos. On the contrary, it is niuro 
probable, if not a certainty, that the diminntion will contiuuo 
until the equatorial piano shall coincide with the piano of 
the ecliptic — when there shall In? no seasons, and day aiul 
night will be of equal length throughout the year all over the 
world, from the poles to the equator. Iicasoning upon this 
basis, it is not illogical to conclude that in the eady epochs 
of the earth’s formation, when the gn^at hulk of the igneous 
rocks wen* nplieaved with trtunomhuis foita*, shaking the. 
earth from its centre to its circumference, the inclination of 
the earth’s axis, or the obliquity of the ecliptic, was many 
degrees greater than it is at present : a ptmod w'hcn the sun’s 
rays fell with almost teopieal intensity upon the verge of the 
arctic drele for perhaps six months daring the year, thereby 
ooanteracting the fiigidity of the polar winter, and rendering 
the circumpolar regions habitable by animals only found at 
the present day withih the tropics. This would account for 
the existence of the tropical epoch in Europe — a question 
which has baffled the researches of so many inquirers. 

72. Probable Period tchen the Earth had no Inclination of 
Axis . — To comprehend this condition of the world in its 
pristine state, we must suppose that it was externally a sphere 
of water, or rather an oblate spheroid, licing flattened at the 
poles in its liquid or plastic c<mdition, by reason of its centri- 
fugal force, in rotation, throwing the elastic matter towards 
the equator from the axis of revolution. At this {>crio«I, also, 
there was little or no obliquity of the earth’s axis, and hence 
there were no seasons, while day and night would he e4]ual in 
every latitude from the poles to the cepmtor. In proof that 
there arc data for these inferences wo have only to r»dbr to the 
conclusions arrived at by astronomers regarding the physical 
constitution of the planet Jupiter, which may be considered at 
present as being in a condition similar to that of the earth 
daring the epoch we refer to. “The inclination of bis 
equatenr to his orbit is only 3” 5' 30", so that the variations of 
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liirt 8enst»TH must lio almont inRen«n*le.” * Tims it ia not un- 
]>iiil<iRO|ihi('al to conclude that at one period, before the land 
apjM •ari*«l above the. surface of the ocean, there was little or no 
di.s|ilacen)ent of the ecliptic, and the vicissitudes of the sea- 
sons were not yet in existence. It will Ikj seen, however, 
that th(5 Almi{,dity Desijtuer of the universe had not yet 
created the animated beings who were to enjoy their fruits, 
or th(( vege,tati<m that wjis to fructify under their influence. 
'J'lie sea was everywhere, and the knd was hidden from the 
geniiil influence of the sun by the superincumbent Ixxly of 
water. 

73, Thfi Planet Jupiter an example nf the Earth's emJitinn 
at this ijeriail. — When, however, the pent-up volcanic forces 
lielow the hod of the sea began to work towards the surface, 
the ocean was driven hither and thither to make way for the 
new order of things. At first the upheaved land, in domes 
of elevation, reached only a short distance towards the sea- 
level ; hut, by the accumulated forces, it rose sufficiently to re- 
ceive the light and heat of the sun penetrating the shallow 
waters, warming them to such a degree that marine plants and 
zcK)phytcs sprung from the organic principle that pervades 
matter, and propagates under certain laws which are as in- 
evitable as the law of gravitation. At this period there was 
no ice at the poles, in consequence of the sun shining con- 
stantly within the present polar circles, as it does during the 
equinoxes in March and September, when day and night are 
etpial in length. Then, as a preponderance of matter heavier 
than the water was driven towanls the north hemisphere, the 
cquilihriiim of the globe began to totter. Still, the primary 
blasts from the mines of incandescent rock within the pro- 
found depths of the earth only gave a fnre/t, as it were, to the 
axis of rotation, and for ages it may not have exceeded tiie 
•ihliquity of Jupiter’s ecliptic — which is not suBloient, as fiw 
as we know, to ice his poles. 

74. Temperate Latitudes at this period a perpetual Spring. 
— At this period, likewise, those latitudes within what we 

* Art “Astronomy,” * Encyclopcedia Biitaanioa.' 



74 


ORIGIN’ OP TIIR SEASONS, 


now denominate the temperate zones would receive a ffroatt-r 
degree of heat from the central luminary in consequence of 
there being no severe winter to lower the temperature ; and 
it ht' jn# ime^hje that, on the first lands that rose above the 
noeain- iiitheinesent latitudes of Europe, tiie plants that grew 
were of a tropieal twMacter, or what may be called semi- 
tropical, such as tile arancarias of the carboniferous formation. 
Be tins as it may, we can scarcely consider the heat to have 
been of such intensity and permanence as to account for the 
existence of the leviathan creatures that inhabited the lakes, 
rivers, and forests of Great Britain, tlio remains of which 
have been already referred to. It may be suggested that tlu' 
atmosphere at that period was so much denser than at j)r«>- 
sent, that while the tropics were subject to a temperature of 
twice the average heat now ascertained, the temperate zones 
glowed under a tropical hetit, while the arctic and antamtic 
circh« enjoyed a temperate clime. These points will be fully 
considered under the third division of our subject when treat - 
ing of the atraosphen'. 

75, Action of internal Forces during the, earliest Ge.ulogie.nl 
Fijochs . — Meanwhile we shall resume the consideration of the 
internal forces, and their effect on the land in driving tin* 
earth from its equilihrium. Thc.<w! once having (»btiiincd a 
weak point in the shell that enclosed their energies, Inittenvl 
at that point until a breach w'as maih<, not merely raising 
“domes of trachyte and cones of basalt” through isolatetl 
apertures, but splitting up the crust hardened by incandescent 
matter into long lines of eruption, creating the bases of those 
vast mountain-chains which arts the most wondcrfid pheno- 
mena of the earth’s solid surface. Evidently one weak 
fissure begat another; or when one crack was choked up 
with solid matter it cooled and another broke out, generally 
parallel with its predecessor, or with lesser fissures at right 
angles; and thus we have the vast congeries of mountain- 
systems on the globe, of which those of Asia are the most 
remarkable, and among the most ancient in their fonnation. 
Not only did these volcanic forces within our planet, by some 
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im^prusHiblo law, seek the sftiface and concentrate their ener- 
gitM on the weakest parts, but, as already frequently observed, 
they were, for immense periods of time, directed almost en- 
tirely to the latitudes and longitudes north of the equator; 
while those in the sonthem half were co^puatively £tee fimn 
their influence. And we shall see that it'waa not until the 
first northern fissures were closed that #e unexpended vol- 
canic agency found vent for its surplus matter by the stupen- 
dous latitudinal rents through which the Cordilleras of the 
Andos were upheaved in regions south of the equator. In 
this manner we contend that the first operations of nature 
commenced in the alembic of our planet, which has resulted 
not only in diversifying its surfitce with mountain and valley, 
river and lake, but in producing those perturbations in its 
movements whence arise the glory of the seasons. 

76. Primary quiescent amditum broken up . — Let us now 
consider the world in that pristine state, when the silicious 
and other deposits from the ocean became hardened into a 
crust on which the waters rejwsed, lying upon an even bed, 
and Avithout a rock to bn^ak their surface, like a crystal 
sph(‘re gbtaining in the realms of space. Let us further con- 
sider the cxbjnt of the subterranean heat that first solidifieil 
these dejwsits, thereby confining the incandescent rocky 
matttw within a shell, which increased its volcanic force as 
the strata became thicker, condensing the caloric by superin- 
ciinil)ent pn'ssure, until the internal forces reactetl on the ex- 
ternal, and the earth swelled and heaved below the sea in a 
struggle between fire and Avater for supremacy on its surface. 
Let us then couceiA'o the tremendous revolution that in- 
augurated the noAv order of things Avhich folloAved in the 
constitution of our planet — the bn'aking up of its previous 
(piiescent state, and the disruption of its aqueous uniformity 
by convulsions nmding the framework of the world. And 
let us bear in mind that these mighty concussions, these 
universal earthquakes, this inconceivable volcanic action, and 
the consequent upheaval of A'ast masses of solidifying rock, 
A\'ere in the beginning directed chiefly toAvards the north 
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lieiuisphoie almost exclusively, raising it above the level of 
the sea without equivalents in elevation within the south 
hemisphere. 

77 . Internal Actum continues through Ages increasing the 
Tropical Zone. — Now let us imagine the globe poiseil in 
space, delicately balanced on its axis of rotation, yet revolv- 
ing with violent activity in its diimial and anntial course, 
suddenly shaken by the outburst of the first igneous forma- 
tion, and we can conceive how it was driven from its equi- 
librium, at first only a degree or so. but incre.'isingly by the 
impetus of n*peated concussions and upheavals, until the 
plane of the eijuator difl'ered considerably from that of the 
earth’s orbit. From tliat time forth «lay and night lo.st the 
monotony of duration which previously characterised them, 
and the annual notation varied with the declination of tlic 
sun reaching the solstices in eacli hemisj>hert‘. 'I’liis went 
on for ages, but Avith probably aceelersitcd speed on the 
upheaval of some new mountain - systmii in Asia, Africa, 
Europe, or North America, so that in time the inclinatioit 
of the earth’s axis reached the angle at Avhich we now 
find it, Avith the vicissitudes of spring, summer, autumn, 
and Avinter, to vary the aspect of the revt)lving y(*ar. lJut, 
although the northern continents and islands wen? then es- 
tablished above the .sea-lcA'cl — not ns they an*. noAv, yet ap- 
proximate in an*a and elevation — n.atun? had scarcely time to 
clothe their nake<l rocks Avith vegetation, or jteojile the shal- 
low waters AA'ith }iighly-oigani8«?<l cieaturea. Hence the sea- 
sons at this epoch jjassed over the temjMjrate zom? without 
fostering and rencAving that vegetabh? and animal life Avhich 
marks their course at present. No vestiges appear among the 
fossil remains unfolded by gcologiciil research of a tem{M‘rate 
fauna and flora having existed before the tn>pical era to Avhich 
wc now direct our attention. 

78 . Argument in favour of an extended Tropicxd Zone . — 
Having traced the effect of volcanic force in disturbing the 
equilibrium of the world so as to cause it by continuous 
action to reach an obliquity of twenty-three and a-half de- 
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grccs frum its pristine position, it is not illogictd to conclude 
tluit it Avcnt considerably Ijcyond that angle. As we have 
almuly seen, according to astronomical data, it lias exceeded 
to a iiuctional extent its present tropical limits within the 
miige of human history ; and why should it lie regarded as 
improbalile that the displacement was not greater in the propor- 
tion which geological epochs bear to historical eras 1 Time 
given, there is nothing unscientific in concluding that at one 
jteriod the obliquity of the ecliptic was twice as great as we 
liml it now, w’hen a tropical sun shone in the zenith upon the 
extinct fauna and flom of Europe. We have seen by the 
ineouteslible evidence of fossil remains, interpreted by the 
light of science, un«lcr the investigations of acute, learned 
men, that plants and animals analogous to those inhabiting 
the torrid zone ip bygone periods existed even as far north 
as the Hritish Isles. Does this not amply warrant the 
conclusion that the continually-increasing angle of obliquity 
reached a limit bonlering on the latitudes of our own shores 1 
('an we not sujipose, without any violation even of the doc- 
trines of astronomy, that the siime forces which caused the 
displacement of tlie two planes to the angle they now sub- 
tend, may have increased it to a still greater obliquity, until 
it was checked by some counteracting force of a cliaractcr 
similar to that which originally set it in motion t 

79. Prolnihle of the Extinct Tropics to 45’ of 

Latituile . — llumbolilt informs us that, “ in the Jum lime- 
stone, (;olossal skeletons of crocodiles, plesiosauri, plauuhtes, 
and stems of the cycadcift exist;” all creatures and ])lants of 
an esscmtially tropical nature. If we take the middle latitude 
of the Jura Mountains on the map, we find it at 47’ X. This 
is precisely double the j)resent declination of the sun in the 
Tropic of Cancer, which intersects the great desert of Sahara 
in Africa. Now, as we know that alligators and other tropical 
monsters arc found in the Nile considerably to the north of 
that line, we are not justified in concluding that the ancient 
extent of the tropical zone w'o contend for reached to the 
latitude of the Jura Mountains. On the other hand, having 
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seen that there are abundance of tropical fossils in the rocks 
and deposits of England and Suothuid, we may fairly take 
these latitudes as analogous, during the European tropical 
epoch, to the African shonts of the Mediterranean at present. 
For the sake of illustration, therefore, let us strike the limit 
at 45°’, and we find at once a solution of this mysterious 
problem in the physical history of the world. Here no 
gratuitous theory interposes to upset astronomiciil doctrines 
on the one hand, or geological data on the other. No direct 
overthrow of the axis of rotation to the equatorial plane or 
vice vemi nee^l bo assumed ; or a state where the earth’s crust 
had fissures and yawning gsips, of such extent and depth that 
the subterranean heat and gaseous elements Ixjiched forth so 
abundantly tliat the temperature of the colder regions was 
rendered tropical. These and similar theories endeavouring f o 
account for the vestiges of an extinct tropicad Europe are at 
variance with the oixlerof nature on our planet as cxcmpliiied 
by the facts of geology ami the principles deduced thcn;from. 
AVhile avoiiling both extreme.'*, the theory herein propo\inded 
goes in for a greater extension of the obli<iuity of the ecliptic 
than astronomers are prcpare«l to admit ; Avhilo it advocates 
an amount of volcanic force in the earlier epochs of the earth’s 
formation M'hich no geologist has hitherto advanced. Never- 
theless we think, after a calm inquiry into the pro]>osition, 
there is nothing in it contrary to the universal law of gravi- 
tation, or those volcanic forces <jf which evidence still exists 
in almost every quarter of the globe. It is a logical solution 
of an important scientific questioh, and entitled to further 
investigation and fair argument. 

80. Computation of Geological Time hij Utratifieil Itocke . — 
Without determining the maximum of trojncal latitudes at 
that epoch, there are sufficient data to open up a now mode of 
computation for the ages of sedimentary rocks. Hitherto geol- 
(^ts, in calculating the lapse of time during the successive 
epochs of extinct animal and vegetable life, have based their 
estimates upon observations of recent deposits, considered to 
be analogous to the matter of certain stratified rocks, con- 
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taining fuHsil remains, at the period of their formation. Upon 
tiiis basis the length of time given to these epochs extends to 
milliuns of years. Without disputing the premises on which 
these estimates are founded, and thp undoubted evidence that 
geological time is inconceivably great, it will be admitted 
tliut the biisis of calculation is rude and uncertain. A portion 
of ground is examined where a sedimentary deposit has been 
niiule by a river so many inches thick within a known space 
of time, and the time occupied by the laying down of such 
deposits is multiplied to ascertain tliat which would be 
required fur others thousands of feet in thickness. This 
method of calculation supposes that deposits have been uni- 
form throughout all time, against which there are abundance 
of geologic^tl facts allowing that sedimentary deposits have 
not been thus uniform. For instance, the fact that fossil 
stems of trees many feet in length are found upright in hori- 
zontal strata show that the deposits around them must have 
been rapid, otherwise the lajise of time would have destroyed 
that part of the tree exjKtsed to the decomposing action of 
air or water. Hence, in calculating geologicid time, enthusi- 
asts are apt to fail into error where they conclude that the 
])roccss of depositing sedimentary rocks has been uniform 
from the liegiuning. 

81. Cumimtatiun hy Extinctum of Species . — Besides that 
system of computation which is .applied to the most recently 
formed stratified ixicks, geologists estimate the antiquity of 
the more ancient formations by the fossil remains of plants 
and animals whose species or genera no longer exist They' 
say that if so many years have elapsed during the most recent 
era, when some three or four species of shells only have 
become extinguished, how enormous must have been the 
lapse of time required to extinguish the hundreds and 
thousands of species and genera wliich lie embedded in fossi- 
liferous rocks 1 But the difficulty again arises as to data of 
time for the recent era. Here some geologists have called 
in the aid of astronomy, and, calculating through the pre- 
cession of the equinoxes, have endeavoured to fix upon a 
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period when the eccentricity of the earth’s orbit was so great 
that the heat received by the earth firom the sun would 
be one-fifth more in summer than at present, and uue-fifth 
less in winter. Calculating on this basis, which is of a 
thoroughly scientific and legitimate character, Mr James 
Cioll, a thoughtful Scottish geologist, has emloavoured to 
show that 800,000 yeiU-s have elapsed since the time 
when he consulered the glacial period existed — arguing as 
follows ; — 

82. Criiir g Egihmite of Glacial Period htj Precerginn of the 
Equinoxeg. — “ If, now, by the precession of the e([uiiioxes, 
winter in our northern hemisphere should happen wluai the 
earth is in the aphelion of its orbit at the time of its grejitest 
eccentricity, there would rt;sult, according to Mr (.-roll, such a 
severity of climate iis to bring tmr mean annual winter tern- 
jieratuiv beltiw fivezing-piant. In that fa«e, all the inoislurt* 
tliat 'Would fall here 'would fall in the form of snow; and 
though when summer oame it would he one-tifth warunu' tlian 
at present, the lirst ulfect of that would he to genenite fogs 
and mists, and to intercept the sun’s rays, ami prevent tlie 
heat exercising its due iulluence — so that Mr Croll conjec- 
tures that the ice and smuv wouhi never he melted, and in 
that way he accounts f^r tlic world in its glacial perit)d. . . . 
If w'e in tliis way get a heginning, it may he possible in tln^ 
end to find some approximate value in years for the length 
of some of our geological periods. ^^Ve are just grojiing our 
way at present, and whatever is stated must be slated 'with 
extreme caution, and must he stated rather witli tlie desire of 
eliciting truth than of pretending to state dogmas.”* 

83. Baifi of iJimifiution of (Jhliquity a Basis for (imloykal 
Time. — Acting in the cautious manner indicated by Mr 
Geikie, we venture to propose our views on the primeval ex- 
tension of the obliquity of the ecliptic, and its subsequent 
diminution, as a basis for computing geological time. It 
appears to us that once the wings of imagination are hit loose 
by enthusiastic geologists there is no limit to their flight, and 

* Lecture on Geological Time, by Archibald Geikie, F.Il,8. 
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they conclude by rushing into boundless time bordering on 
eternity. In their estimates of epochs they scatter hundreds 
of thousands, nay millions, of years broadcast over the extinc> 
tiun of species, as if they were the days and montlis of the 
geological year in which they existed. As if in a spirit of 
antagonism to the Mosaic history of the creation, which 
limits the world’s existence to some six thousand years, the 
advocates for these inconceivable spaces of time seem to glory 
in showing its inhiiitosimal degree by the countless ages 
they have unrolled on the book of the earth’s stratified 
rcconls illustrated in its fossil pages. Steering a middle 
course btitween these extremes, we find that, in applying the 
ascurtiuned diminution of the displacement of the ecliptic 
during one century, we arrive at an approximate calculation 
of the time which elapsed since the earth began to recede 
from its maximum extension of obliquity at the close, or 
rather the turn, of the tropical ejtoch in Europe. For example, 
if the diminution of the ecliptic be 45" in a century, this 
would give in 8000 years a decrease of 1®; and taking the 
maximum of the torrid zone at 45® extension, or 21® SO' 
greater thixn it is at pn-sent, the result would be a lapse of 
172,000 years since the epoch referred to, when the flora 
and fauna of Europe were of a similar nature to what now 
exists within and on the borders of the present tropical 
limits. According to this theory of constant diminution, a 
greater lapse of tinic must teke place before the planes of the 
equator and the earth’s orbit are parallel, when the sesisons 
will no longer exist. 

84. Not to Im considered nrhitrary hut suggestive in the 
Formula of Comjmtatum. — In venturing upon naming a 
given space of time, numbered by years, to specify the dura- 
tion of any epoch in the physicjil history of the Avorld, it by 
no moans follows that it should be teken as an arbitrary 
system of computing geological time. It shoAvs, hoATOver, tliat 
geology must go hand in hand with astronomy in determining 
the age of the earth since it became the abode of oiganised 
creatures and plants. If, on the one hand, astronomers were 

F 
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to descend from abstruse celestial computations, and en- 
deavour to assimilate their investigations with geognostic 
phenomena, they would materially aid the solution of such 
problems. On the other hand, geologists would advance tlio 
doctrines of their science more logically and acceptably if 
they avoided arbitrary conclusions from imperfect data, leav- 
ing a wide margin for calculating perioils in the early epochs 
of the earth. 
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KXTINXT TROPICAL EPOCn IN EUROPE. — CuJltutUe*L 

Duration and aspect of the tropical epoch in Europe, § 85.— Hugh Miller's 
.skcU'li of Scotland during this epoch, 86.— Comparison between tlie 
aspect of that epoch and the present, 87. — Probable cause of diminution 
in the inclination of the earth’s axis, 88.— Disparity between the land of 
the two hemispheres greater then than now, 89.— Australian and South 
African geography present low elevations, 90.— Reactionary volcanic 
forces in tlie upheaval of South America, 91. — Physical differences 
between Nortli and South America, 92.— Remarkable geological analogy 
between North America and Europe, 93.— Immense extent of active 
volcanic regions in South America, 94. — Activity of volcanic forces in 
incMlcm times up to 1868, 95.— Humboldt’s first impressions on feeling 
the .shock of an earthquake, 96. — Dread of earthquakes felt by the in- 
liabitants of South America, 97. — Humboldt’s account of phenomena 
attending volcanic eniptions, 98. — Volcanic forces in South America 
Hufticieiit to cause a reactionary movement in the earth’s axis, 99. — 
Volcanic regions of Central Ainenca and Southern Mexico included in 
this reaction, 100. — Humboldt's account of the extraordinary volcano of 
Jorullo, 101.— Example of volcanic action typical of that of South 
America, 103. — Mo<leni volcanic activity chiefly eoiitined to eijuatoriai 
latitu<le8, 104. — Volcanic region of Java, 105. — Concluding remarks, 
106. 


85. Duration aiul Aspect of the Tropical Epoch in Europe. 
— Assuming that the tropical epoch in Europe was the result 
of the torrid zone being expanded to forty^five degrees of 
latitude on each side of the equator, it would have taken 
350,000 years to reach its maximum, from tlie first point of 
departure, when there was no obliquity of the ecliptic. The 
next question for inquiry is. Whether the earth remained in 
that position for any great period, or was by some imme- 
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diate counteracting volcanic force in an opposite direction 
arrested in its progress, and the diiuinution begun] On 
this head geological data are not so precise as on others; 
yet the evidence goes to show that the tropical period must 
have existed for an imineasunible space of time, when not 
only the fiiuna and Horn of that epoch were brouglit into ex- 
istence, but, as fixr as Europe is concerned, the entire vege- 
table and animal nature which then flourished, became 
extinguished. Of the marvels of that period, the following 
inferential sketch by Hugh Hiller, from geological data, 
forms a graphic picture : — 

80. Hinjh Millers Slcetch of Scoflaitd durintj this Epoch. 
— “ Could we Init see the productions of our country as they 
once really existed — could we travel backwards into the 
vanished jiast, as we can descend into the strata that contain 
their remains, and walk out into the woods or along tlio 
sliore^ of oolitic Scotland — we should be greeted by a suc- 
cession of marvels, strange beyond even tlie conceptions of 
the poet, or at least only e<iualled by the creations of liim 
who, in his adventurous song, sent forth the lady T^iia to 
wander over a fairy -laml of dreary w«)lds and trackless 
forests, whose caverns were the haunts of dragons and satyrs, 
ami its hills the abodes 

“ ‘ Of dreadful beasts, that wlien they drew to liaiule, 

Half-Hying and half-ttoatiiig, in their liaste, 

Did with their largeness measure o’er inueli lamle, 

And made wide shadow under bulksoinc waist. 

As mount'iin doth the valley overcaste ; 

And trailing sraly tails did rear afore 
Bodies so monstrous, horribill, and vaste.* 

“ Let us, however, ere we part for the evening, adventure 
a short walk into tlie wilds of Oolite, in that portion of space 
now occupied on the surface of the glol>o hy the north- 
eastern hills of Sutherland, where they abut on the precipi- 
tous Orrl. We stand on an elevated woo<l-covcrcd ridge, that 
ou the one hand overlooks the bine sea, an«l descends on the 
other towards a broad river, beyond which there spreads a 
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wide expanse of a mountainous country. The higher and 
more distant hills are dark with pines; and save that the 
sun, already low in the sky, is flinging athwart them his 
yellow light and gilding, high over sliaded deUs and the 
deeper valleys, cliff, and copse, and bare mossy summit, the 
general colouring of the background would be blue and cold. 
But tlio ray falls warm on the rich vegetation around us, 
— tree-ferns, and tall club-mosses, and graceful palms, and 
the strangely - proportioned cycadacea?, whose leaves seem 
fronds of the bracken fixed upon decapitated stumps; and 
along the banks of the river we see tall intensely - green 
hedges of the featliered equisetaceae. Bro\vn cones and 
witJiereil spiky leaves strew the ground, and scarcely a hun- 
dred yards away there is a noble araucaria, that raises, 
siilierc-like, its proud head more tlian a hundred feet over 
its fellows, and whose trunk, bedewed with odoriferous bal- 
sam, glistens to the sun. The calm stillness of the air makes 
itself faintly audible in the drowsy hum of insects. There 
is a gorgeous light -poised dragon-fly darting hither and 
thither through the minuter gnat-like groups ; it settles for a 
moment on one of the les.scr ferns, and a small insectiverous 
creature, scarcely larger than a rat, issues noiselessly from its 
hole, and creeps stealthily towanls it. But there is a whirr 
of wings overhead, and lo ! a monster descends, and the lit- 
tle mammal starts back into its hole. ’Tis a winged dragon 
<»f the (Jolite, a carnivorou.s reptile, keen of eye and sharp of 
tooth, and that to the head and jaws of the crocodile adds 
the n(‘ck of a bird, the tail of an onlinary mamnud, and that 
floats through the air on leathern wings resembling those of 
the vampire - birt. Wo have seen, in the minute rat -like 
creature, one of the two known mammals of tliis vast land of 
(Oolite — the insect-eating tunjihitherium ; and in the flying 
reptile, one of its stnnigcly-oiganised jAerotlactyles. 

“ But hark ! what sounds are those 1 Tramp, tramp, 
tramp — crash, crash. Tree-ferns and club-mosses, cyoas and 
zamia, yield to the force and momentum of some immense 
reptile, and the colossal iijuanodon breaks through. He is 
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tall as the tallest elephant, but from tail to snout greatly 
more than twice as long — hears, like the rhinoceros, a short 
horn on his snout, and has his jaws thickly implanted witli 
saw-like teeth. But, though formhlahlo from his Aveiglit and 
strength, he jwssesses the comparative inoffen.siveness of the 
herbivorous animals ; and with no desire to attack, and no 
necessity to defend, he luoves slowly onwaiil, deliberately 
munching, as he passes, the sticculent stems of the cyca- 
daeoiw 

“The sun is fast sinking, and, as night thickens, the 
reaches of the neighbouring rivers display their frequent 
dinqdes, and ever and anon scaly hacks an? raised over its 
surface. Its numerous crocodilians are astir, and now they 
quit the stream, and Ave see its thick hedge-liki* lines of equi- 
setaeea? open again and close, as they rustic through, to 
scour, in quest of prey, the dank meadows that line the 
hanks. Then? are tortoi-ses that Avill this evening find their 
l)rotecting armour of canipace anil plastnm all too weak, and 
close their lives of centuries. And now wo saunter down- 
wards towards the shon*, and see the ground-.SAVcll breaking 
white in the calm against ridges of coral scan;e less Avhite. 
The shonjs are strewed with shells of jiearl, the whorled 
ammonite, and the nautilus; and amid tlie gliiam of ganoidal 
scales, reflected from the green depths beyond, we may see 
the phosphoric trail of the helemnite, and its path is over 
shells of strange form and name — the sedentary grijj)haia, the 
pama, and the jilagiostoma. 

“But lo! yet another monster. A snake-like fonn, sur- 
mounted by a crocodilean head, rises high out of the water 
within yonder coral ledge, and the fiery sinister eyes peer 
inquiringly round, as if in quest of prey. Tlie body is hut 
dimly seen; hut it is short and bulky compared with the 
swan-like neck, and mounted on paddles instead of limbs ; 
so that the entire creature, wholly unlike anything which 
now exists, has been likened to a boa-constrictor threaded 
through the body of a turtle. We have looked upon the 
plmomurm. And now outside the ledge there is a huge 
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crocodilcan head raiflod ; and a monstrous eye, huger than 
thiit of any other living creature — for it measures a full foot 
across — glares upon the slimmer and less powerful reptile, and 
in an instsint the long neck and small head disappear. The 
monster of the immense eye — ^an eye so constructed that its 
focus can ho altered at will, and made to comprise either near 
or distiint objects, and the organ itself adapted either to 
examine microscopically or to explore as a telescope — is 
anotlier he-paddled reptile of the sea, the ichthyosaurus, or 
fish-lizard. 

“ Hut the night comes on, and the shadows of the woods 
and rocks deepen ; there are uncouth sounds along the beach 
and in the forest ; and new monsters of yet stranger shape 
are dimly discovered moving amid the uncertain gloom. Rep- 
tiles, reptiles, — flying, swimming, waddling, walking, — the 
ago is that of tlie cold-blooded, ungenial reptile ; and, save 
in the dwarf and inferior forms of the marsupials and in- 
sectivora, not one of the lowest mammals lias yet appeared. 
And now the moon rises in clouded majesty ; and now her 
re<l wake brightens in one long strip the dark sea ; and we 
may mark where the cetiosaiirus, a sort of reptilian whale, 
comes into view us it crosses the lighted track, and is 
straightway lost in the gloom. But the night grows danger- 
ous, and these monster-haunted woods were not planted for 
men. Let us return, then, to the safer and better famished 
world of the present time, and to our secure and quiet 
homes.” * 

87. Comparison Itetween the Aspect of that Epoch and the 
PrcMtit , — As far as his native country is concerned, the weird- 
thinking Scottish geologist is right, but not as regards the 
inhabitants of tropical regions in Asia, Africa, and America, 
where man is still surrounded by dangerous reptiles and 
quadrupeds, of different forms, no doubt, but equally voracious. 
There is no evidence that man did exist at that period; at 
the same time there is nothing to assure us that he could not 
have existed. Let us imagine under what different ciicum- 
* Hugh Miller — 'Sketch-Book of Popular Qeologjr,* 
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stances the inhahitants of the British Isles would have tuiltMl 
for their subsistence then to vrhat obtains now, or if tlic cli- 
mate had never changed from its tropical character to the 
present temperate one, with the vicissitudes of the seasons, 
ibrstead of tire hardy independent race that now tills the 
ground, sowing and reaping the golden grain, rejoicing in the 
spring-time and harvest, or spreading their flocks and herds 
over the posture-lands, there would have l)eon in all proba- 
bility some black race as in Africa, of degraded intellect, or n 
red race as in India, ctleiuiiiate and sciA'ile, living on the 
fruits of the forest, and exposed ti> tlio fcnxnous attacks of 
animals. Instead of the open forost-laiul and greeiiswanl, 
with the hardy oak and elm, there wouhl bo a dei^w* jungle 
of succulent shrults, tn.>es, and arlK)rescent ferns ; and instead 
of the IxUrny bmezes of summer and autumn, wc should be 
breathing a damp, hot, sntfocating atmosphew?, charged with 
deadly malarm, like what may Imj ft)und in African foiestss. 

88. Proimbh’ Cuut^'. of Dtiiiutiiiii>n of Jin’lhtalioo in ihe 
EartU'tt Axi «. — Ifaving tniced the (li.'»pluc(!nii‘nt of the wpiu- 
torial plane from the earth’s orbit to its iiutxiiiiiiiu e.vtent, we 
now proceed to investigate the (uiuse of its dimiimtiun. We 
have seen how the platonic forces in the int<;rior wcie most 
intensely imiuifcstoil by the ui<heaviU of coiitin<*ntal mtks.scs 
in the north hemisphere. We can als«> understitiKl how the 
masses of igneous rock, after remliiig tlie earth’s enust, Iweame 
Bolidihed until tlio rents were clo-sed. Then tin? eontined 
volcanic forces wen* directed towanls the, south hemisplierc, 
piercing through the stnitifiei^l rocks at the M'cjak iH)ints aiul 
Assures along the clmin of the Andes with sucli tremendons 
force, that it not only arrested the further extension of the tro- 
pical zones, but had the effect of counteracting the forces in 
the north hemisphere ; and then comnienci?*! the diminution 
of this phenomenon, which has continued to the present eia. 
On this point geology infonns us that the bulk f)f the moun- 
tain-chains and elevated table-lands, especially in the? more 
northern pai'ts of the continents of EuKjpe, Asia, and Jforth 
America, is composed of the crystalline schistous formation, 
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(;(>in]>n>luniiling all tho gmnitrml rocke, and the primary 
simtitications, or the transition scries, including the carbonifei^ 
ous formation ; while South America is chi^y of secondaiy 
and tertiary strata, with igneous rocks of recent formatien; 
and as far as we know of Australia, New Zealand, and the 
islands in the South Pacific, they partake chiefly of sinular 
geological features. At all events, there are enough data for 
concluding that the continental masses of tho south hemisphere 
(excepting, }>erhaps, South Africa) were upheaved, for tho 
most })art, subsequent to the upheaval of the northern con- 
tinents — especially the preponderating masses of the Hima- 
layas, and other mountain-chains of the primary scries in Asia 
and in North America. 

89 . DiKiHirlty fwtireen the I^nd nf the two Htmutpheree 
yrntter thmt than now. — Ot» referring to our map of the world 
on th<5 polar prcy'ection, where the glolje is bisected at the 
eipiator, we may st-o, at a glance, the immense superficies of 
lainl alsive tho level of the s(*a at the present i»erio«l in the 
north honiisphcre as coinparc'd with the south. Great as the 
disjiiiqxirtiou is now, it was probably more so at the e]X)ch 
when tho i-arth received the vertical rays of a tropical sun in 
Kurope. As far as geological researches have revealed the 
extent of land and sea at that era, it wouM appear that while 
the area of tho primary and secondary formations etpialled 
that of the ocean in the ncuth hemisphere, in the south the 
few islands that comprised that series of rocks, rising above 
the th(>n level of the sea, scarcely covered a hundredth part 
of its boundless domain. At that perunl the island-continent 
of Austmlia comprised two nnrroAV chains of isles, one in its 
j (resent eastern longitudes, the other in the west, and both 
In'nding north and south, with a shallow sea between, which 
has been slowly upheaved until its bed formed tho level, 
marshy, saline districts eharacterising the interior geo- 
gmphy of that extensive territory, which nearly equals the 
area of Europe. On tho other hand, these groups of isles 
must have been of comparatively low elevation, as we find, 
n((twith8t{UKliiig the extent of this region, that the crest of 
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its eastern uoimtain-chain of 1700 miles is not more 
tlma 2000 feet almve the sea-level, and Mount Kosciusko, in 
the Australian Alps, its highest ascertained peak, only 6500 
feet. “ From the absence of any great mountains commensu- 
rate with the enormous extent of country, and from the gene- 
ral horizontal formation of its rocks, it has been inferred that 
the convulsions of the glolie have been less active in this 
region than on the other continents. Ko active volcanoes 
are seen among its mountains, nor do recent .strata indicate 
their existence. Its surface geology, then'fore. pn\«enta a 
n'gion undisturbed since the torliarv epoch ; at the sanui tiinc 
it is evident that the upheaval of the country ha.s Ix'cii 
regtdur though slow, ami s<)ine geologists have okserved that 
it is still going on in certain localities. I’e that Ji-s it may, 
Australia may be reganlcd as representing an extinct archi- 
polivgo, with its sea-lnsl upheaved kuicath tin* mys of a burn- 
ing sun, which through ages has »lried up its superincumbeut 
• waters. The sea hecame shallower frf)m cvaponition and 
continued ujdieaval, until it h.%s disappcare<l, ex(!e])t in the 
chasms and depre.s.sions of the old ocean-lxjd, where it still 
remains, forming the salt lakes of tlie w('st and central ])art.s 
— ^the former above the level of the present sea, and some of 
the latter ■with the adjacent land below it. During that 
epoch, tho.se streams which now flow throtigh the marshy 
interior from the mountain-chains once mingled their floods 
svith the tide that rippled upon their shores, when they were 
‘ islands studding the extinct Australian sea.” * 

90. Australian and South African Geoijraphy present hnc 
Elevations . — This hasin-like form, with elevated lands fring- 
ing the coast around a depressed interior, characterises the 
gec^raphy of South Africa also, hearing out the theory of 
slow elevation of the continental mass, without any evidence 
of recent eruptive rocks or active volcanoes. From the re- 
searches of Dr Livingstone, who crossed the interior from 
west to oast, aiwl nearly from north to south, wo learn that 
there are no mountain-chains of elevation proportioned to the 
* 'Onr Australian Colonies.’ By Samuel Hossman. 
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extent of the continent in that hemisphere. In cioeriDg ^e 
widest part, &om the Atiantic to the Indian Ocean, he found 
elevated ridges from 300 to 350 geographical miles from the 
coast, and trending in a general north and south direction. 
From crest to crest of those ranges he estimated the distance 
at 400 geographical miles, and the highest culminating point 
at 5000 feet above the sea-level; consequently he came to 
the conclusion that the greater portion of South Africa is a 
vast interior basin, enclosed by extensive rocky ridges, except 
where they are broken to admit the outlet of the waters col- 
lected therein. In one respect the geography here differs 
fnim Austnilia, as the interior basin is at a greater elevation, 
and the fringe of inountuins on either side is further from the 
coast. Nevortht‘le8.s tliere is a striking similarity in the 
gcncntl configuration, and su/bcient daht to conclude that at 
a contemporary epoch South Africa presented only chains of 
i.'ilunds scattered over an African archijMjls^o, with a shallow 
sea between, which plutonic forces have gradually upheaved, 
until the ocean-wat**rs have departed, and their place is sup- 
plied by numerous fresh-waUtr lakes and stmims. At this 
period the mighty Himalaya.^, the gigantic table -land of 
Tibet, with its mountain-chains, the Celestial Mountains, and 
the steppes of Tarbiry, in Asia — the Alps and the PjTcnees in 
Euroj)e — the liocky Mountains and the table-lands of Mexico 
in hTorth America — and all the circle of rugged eminences 
Avithin the circumpolar regions, — then weighed down the com- 
parative “ Avorld of waters” which encircled their antipodes in 
the south hemisphere, and thus tllsturbed the equilibrium of 
the globe so as to displace the planes of its diurnal and annual 
iDtation. So that we may conclude, as far os the continental 
masses of South Africa and Atistralia influenced the reaction 
of internal forces, or counterbalanced the land in the north 
hemisphere, they exercised comparatively an inferior power ; 
and if our tlieory of terrestrial action in the south hemisphere 
producing diminution of the tropics was based upon their 
geological data, it would be inadmissible and unscientific. 

91. Reactionary Foreee in the Upheaval of South America. 
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-W Tre have yet to conaitler the vast continent of South 
America, urith its stupendous mountain-system — ^tho backbone 
of the world — the mighty Andes. If the human mind could 
only conceive the tremendous volcanic forces brought to bear 
on that latitudinal line of five thousand miles, rending the 
south hemisphert', as it wore, in twain, there would l»e no 
difficulty in imagining the shtwk that arrested the tlcflcctiou 
of the earth’s axis in its equatorial career. If man couM have 
witnessiKl the depth ami length of the awful fissure which 
yawned on the earth’s crust at the epoeh of their (‘mention — 
■when the inoandes<‘ent n»ck was erupted from its subterramuin 
souree, in masta's so overwhelming that not only wen* the 
deepest parts of the ocean filled tip, hut the highest elevations 
above the sea-level attained — then might we coneeive the 
awful convulsion that made the fernapieous glols- tpiake from 
the equator to the poles, causing a reaction towards the res- 
toration of its eqnilihrium ■wdiu-h has ev(*r since ]>rogn*ssed 
by the dimiuution of the torrid zone, until that zone has 
entirely left the continent of Europe. Notwithstanding the 
difficulty, almost amounting to a mental impossihility, of 
forming a vivid c<inception of this stu]>cmlous e-vent in the 
world’s geological history, we can funu some ai*j)r<*ximate 
idea of the vohtanic forces engaged in the upheaval of the 
Andes or Cordilleras from the graphic descriptions of sis'entific 
travellers — esjwcially those of Humlxddt — ivho have witnessed 
the vestiges of this creation in the vc»lcanic eruptions ami 
earthquakes which still agitate tlie South American continent. 
Before doing so, liowevcr, it will he necessary to refer hriefly 
to the N'orth American continent in its geological relations 
with Europe and Asia as contrasted u'ith its southern sister. 

92. Phynical Differp^nee^ between Houth avd North America. 
— Although the two great divisions of the American conti- 
nent are united together by the volcanic band of (Jentral 
America, thereby tending to convey the impression that they 
are homogeneous in their physical relations, ytst no two 
regions on the earth are so dissimilar in their geognostic 
phenomena, fauna, and flora. After the discovery of their 
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entire extent by Colambue, Americus, and their feUowrnayi- 
gatoTs of the fifteenth centory, the aetonnding length of the 
coast-line from north to south, and, as far as was then known, 
their width from the shores of the Atlantic to the Pacific, ap- 
|)eared so immense, together with all the strange inhabitants, 
animals, and plants, hitherto unknown to Europeans, that, 
with one accord, this land was designated the “ New World ” 
in contradistinction to the appellation of the “Old World” 
bestowed on Europe, Asia, and Africa. In its general mean- 
ing the term was appropriate at the time, as briefly including 
all the vast t<irritories in the western hemisphere. It is time, 
hhwever, that those names shoidd become obsolete, especially 
in works of a scii'iitific natuitt, as they are apt to mislead the 
general rciulcr in his impressions concerning the continental 
«livisions of tlie worhl. 

93. Jifiii/trkuhle (Jeoloffical Analogy between North America 
and Europe. — N<»t only is North Araericii physically distinct 
from the southern continent in its main features, but these 
]H)s.ses8 a striking similarity to the physical phenomena of 
Kuivtpe, more esi)ecially in geological structure and fossil 
remains. “ A remarkable analogy exists in the structure of 
the land in North America and Central and North Europe. 
Cmdss, mica-schist, and granite prevail over wide areas in 
the Alleghanics ; on the Atlantic slope, and the northern 
latitudes of the American continent, and in the high and 
middle latitudes, the Silurian strata extend over 2000 miles. 
( -rystalline and Silurian rocks form the substratum of ^Mexico, 
for the most part coveretl with plutonic and volcanic forma- 
tions and secondary limestone. The Kocky IMounttuns are 
mostly Silurian, except the east ridge, wliich is of stratified 
crystalline rocks, amygdaloid, and ancient volcanic produc- 
tions.”* It is well known that the Silurian formation is 
nanuMl after a ilistrict in England where it abounds, and 
which was formerly inhabited by an ancient tribe of Britons 
named Siluros. The formation itself is remarkable for e.x- 
hibiting the fossil remains of the earliest types of animal life, 
* * Iiiiperial Gazetteer,* edited by W, G. Blaokie, Plu D. 
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as rsptesented by moUusca and zoophytes, the genera and 
species being analogous in both Europe and America. In 
like numner the remains of vertebrate animals found in Xorth 
America, as urcll as those of its extinct flora, are either iden- 
tical with, or congeners of, those which existetl in Europe dur- 
ing the tropical epoch. Indcetl the geologicsU data of the two 
countries go to prove th»‘ir oontemponiry existence during 
the earliest ages of the world, aiul at a period, as wc have 
seen, when the continenUd masses of the south luunisphero 
were only in their infancy, j>eeping above tlu' jirimeval oi'ean, 
or small islets lieforo consolidation. Moreover, it may bo 
said that these nortliem regions had attained their geological 
maturity, and were progressing towards old ago, which ulti- 
mately verged into deciiy, death, and (•xtinction »)f species, 
leaving behind them the ruins of wluit ought to be desig- 
nated scientifically the “ Old AVorld,” !is distingui.shed from 
what now exists on the surfiice of the earth, which is actually 
a “Xew “World ” of creation. Viewing the physical asjiect of 
the !North American continent in this light, it is not a new 
region, but forms a grand memlMjr of the continental miusscjs 
in the ancient northern world. 

94. Immenufi Extent of Volcanic Rcyiom in South America. 
— (fn the other hand, the South American (Jurdillenis, to 
which we may join the volcanic l«ind of (Central America, 
are comparatively of recent igneous formation ; while the 
boundless plains of the interior are cvitlently of modern up- 
heaval, with the immense area drained by the river Amazon 
presenting alluvial deposits formed by that (iu•^en of rivers, 
and the Pampas of Buenos Ayres entirely alluvium, depo8itc«l 
by the PlatarParana. But it is in the Andes that we find 
those examples of the subterranean forces of the earth which 
are truly the grandest volcanic wonders of the world. “ In 
considering the geology of the Andes, the first fact that strikes 
the observer is the vast development of volcanic force along 
the whole length of the chain, and even continued nortli 
through Guatemala and Mexico. These volcanic vents seem 
to occur in linear groups, the southmost of which is Chile, 
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extending from the 42d to the 33d parallel, and comprising, 
besides more than a dozen extinct volcanoes, twenty-one still 
in a state of ignition, the more remarkable of which are 
Tupungato (15,100 ft.), Antu<» (13,000 ft), and Minchin- 
maddum (8000 ft.) From the 30th to the 27th parallels no 
volomic action is to be found ; but in the Bolivian Andes, 
and principally west of Lake Titicaca, are eight active craters, 
among which may be mentioned Gualatieri (22,000 ft), 
Atacama (18,000 ft), Cliipicani (19,740 ft), and Arequipa 
(18,400 ft) Further north, as far as the 2d parallel south, 
tliere are iio active volcanoes ; but here we arrive at a district 
of higlily vulcanic chanic‘.ter, comprising other eight lofty 
summits now in an igneous state — Sangay, Tunguragua, 
(h)toi)axi, Autisaua, Imbabura, Cumbal, Paste, and Purace. 
As respects tlie geological formations of this gigantic range, 
gninite, which is abundant in Tierra del Fuego and Patagonia, 
scums to be the base of the whole, but it comes so rarely to 
the surface in the north parts of the chain, that, according 
to Humboldt, a person might travel years in the Andes of 
Peru without meeting this species of rock j and he never ssav 
any at a greater absolute elevation than 11,500 ft. Gneiss is 
sometimes found in connection Avith the granite, but mica- 
schist is by far the commonest of all the crystalline rocks. 

. . . As respects volcanic products, the west face of the 

Andes pn'sents immense quantities of lava, tufa, and obsid- 
ian, none of which arc found on the cast side ; this remark 
applies especially to that part of the chain lying between 
Chile and the equator. Fossil remains arc by no means com- 
mon; but in the limestone strata of the coast, towards the 
north extremity of the range, Humboldt found many marine 
shells.” * Without entering minutely into the geology of 
this region, it is abundantly evident that the great bulk of 
the continental msiss was upheaved to its present heights 
above the waters of the Atlantic and Pacific subsequent to 
the elevation of the northern continent. 

95. Activity of Volcanic Forces in Modem Times up to 
* ‘ Imperial Gazetteer.’ 
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1868 . — “ Many of the volcanoes, as before observed, are in a 
state of either constant or occasional action ; it cannot, thci-e- 
fore, be matter of surprise that there should be fiv([Ut>nt and 
violent earthquakes. All the districts of the Andes system, 
but Chile especially, have suffered more sevendy fn)m these 
oscillations than any other part of the M'orld ; and ainon^ the 
towns either destroyed or greatly injured by tlu^so viKitatioii.s 
may be nientioneil Bogota, Quito, lliolNunbii, lJuia, Callao, 
Valparaiso, and ( -oncepcion.” * In 1797, Eiobanilm, Taeunga, 
and Hambato were levelled to the ground. The earth openeil 
under the feet of the inhabitiiuts, and whole caravans were 
swallowed up, besides habitations; while avenues of trees 
were shifted fnmi one spot to another without the trees being 
in the least damaged. In 1822 Chile Wius severely visited, 
and an U 2 )heaval of 100,000 stiuare niile.s of ground to a 
height of seven feet was the n>sult of the volcanic forct*. 
But by far the nioiit extensive ami calamitous eartlujuakes of 
motlern times are those of which Kcuador, I’eni, and Bolivia 
were the ceiitn's of oscillation in August 1808, which are, 
stdl fresh in our recollection. (.)n the evening of the 1 3th 
of that month, about 4 p.m., the tirst shocks Avere felt, and 
continued at intervals during the night with uni)rec(*<tented 
violence, oven in that region of earthcpiakes. In the course 
of a few hours the oscillatioms of the unstable ground com- 
pletely destroyed the towns of Arequijta, Motpiegua, Arica, 
Pisjigua, Lpiique — doing, besides, immense damage to a num- 
ber of other places all along the coast from Iqiiique to Callao. 
At Aro(iui 2 )a the shocks commenced at 5.22 p.m., more or l(;ss, 
and lasted six to seven minutes, folloAved during the night 
by eighteen others at intervals, but not so violent. Not 
a church was left standing, not a house habitable ; and had 
they commenced about midnight few would have survived to 
tell the tale. At Tacna the shock Wiis almost os destructive ; 
and at Arica the buihlings which withstood the eartlupiako 
were washed down by the sea, which broke over the toAvn 
shortly after the -first shock. An eyewitness and sufferer at 
* * Im|>erial Gazetteer.’ 
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Iqui(|ue describes the rising of tlie sea as follows : — I saw 
the wliohi suifiice of the sea rise as if a mountain-side was 
actually stan^ling up. Another shock, accompanied with a 
fearful roar, now took place. I calle<l to my companions to 
rim for tluur lives on to the Pampa. Too late! With a 
horrid crash the sea was upon us, and at one swoop — one 
terrilile swoop — dashed what was Iquique on to the Pampa. 
I lost my companions, and in an** instant was fighting with 
the dark waters. The mighty wave surged and roared and 
leaped. The cries of human beings and animals were dread- 
ful. A mass of wn^ck covered me and k(‘pt me down ; and 
I was fast diHjwuing when th(‘, sea thn^w me on to a beam, but 
a nail piercing my coat, the timber rolled me again under, and 
I lost all seiis(‘. I suj)pose, as in such cases, I must have 
struggled after sensation had left me, for when returning 
consciousness caim* I was grasping under one arm a large 
plank, th(‘. brokcm end of whicli afterwards pierced my thigh. 
I knew no more until I found myself on the Pampa and 
all <lark around me. In tlie morning I looked alK)ut me 
and found [(juiciue gone, all but a few houses round the 
church.” AVhile the proximity of the sea added to the de- 
vastations of tlie towns on the coast, tliose in the interior 
sufhu’ed an ecpial <lestructioii of property from the greater 
violeiici*. of the shocks, and as they occurred later in the 
night, when the inhabitants had retiivd to rest, the number 
of people killed by the foiling houses was tenfold givater in 
l)roportioii to the })oj)ulation. At Otavalo, Ibai*ra, and Gata- 
cachi almost every building was overthrown, and the number 
who perislu*d in the ruins was overwhelming, as the terror of 
the calamity was increased by its occimenco at midnight. 
Ibarra is about twenty leagues from Quito, situated on a 
l»lain 7000 feet above the level of the sea. Its population 
was estiiiiatevl at 29,000, of whom fully 13,000 perished in 
the mins. Otavalo is to the east of Ibariti, about 9000 feet 
above the sea-level, having a impulation of 10,000, of whom 
about 7000 perished. These towns and Catacachi are iu the 
province of Iiubabura, containing a population altogether of 

o 
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about 65,000 ; and it was estimated that upwards of 40,000 
perislied on that fearful night. Nearly every village in tlie 
province had become a mass of ruins by the time daylight 
unfolded the true extent of the <levastation, and the losses 
of relatives and friends sustaine«l by thi^ inhabitants. Many 
of the victims buried under the ruins suflered a lingering 
death fi'oin tlie inability of the few survivoi*s to (»xtri<‘ato 
tliom. And as deeompojdtion sets in rapally in these lati- 
tudes, it was impossible afterwanls to go into tlio vicinity of 
the awful scenes of dissolution, owing to the 4h*eoin posit ion 
of so many human luHlies. As far as could lu' ascertained, 
tlie numlKM* who perished in tln‘si» earthcpiakes was not less 
than 0)0,000, while the valin* of the property destroyed was 
incalculable. 

96. /Vrv/ r>// fh*' IJtnrlntf of ov 

Eortlif/iiofct *. — It M'ould b(» an easy task to mullij)ly examples 
of the terrihle elfi‘cts in that region from tin* p(*nt-up subter- 
Kinean forces whi(‘h make tin* old crust of the earth yield like 
a piece of cardboard their pressun*, ami cause the land to 
undulate like the waves of the sea. “We thus recr>gnise in 
earthquakes the existence, of a volcanic forc(* which, although 
everywhere manitested and as gen(*rally ditl’ust»d as the in- 
ternal heat of our planet, attains but mrely, and tlu*ii only at 
separate points, siifhcient intensity to exhibit tin* j)lienomena 
of eruptions.” Thus writes Humboldt in ‘Cosmos/ ami after- 
wards describes his ex])eriences of eartliquakes as follows ; — 
“ Before we leave these important phenomena, wliich w(} have 
considered not so much in tlnur individual cliaracteristics ns 
in their general physical and geognostic relations, T would 
advert to the deep and peculiar im])r(\ssion hjft on iny mind 
by the first earthquake which ^VG experience, even wlien^ it is 
not accompanied by any subterranean noise;. This imj)ressi<m 
is not, in my opinion, the result of a recollection of those* 
fearful pictures of devastation presented to our imagination 
by the historical narratives of the past, but it is ratlier dm; to 
the sudden revelation of the delusive nature of the inher(;Tit 
faith by which we had clung to a belief in the immobility of 
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tlio oarth. We are acciisto.med from early childhood to draw 
a contrast between the mobility of water and the immobility 
of tlie soil on which we tread ; and tliis feeling is confirmed 
by the evidence of our senses, "VVlien, therefore, we suddenly 
feel tln5 ground move beneath us, a mysterious and natural 
force M'ith which we Avere previously unacquainted is revealed 
tb us jis an active disturbance of stability. A moment de- 
stroys the illusion of a Avholc lifo — our deceptive faith in the 
reixtse (jf nature vanishes, and we feel transiiorted, as it Averr;, 
into a reidm of unknown destructive forces. Every sound — 
the faintest motion in the air — arrests our attrition, and we 
no long(‘r trust the ground on A\diich Ave stand. . . To 
man the eartluiuake conveys an itlea of some universal and 
unlimiteil clanger. W<* flee from the crater of a A'olcano in 
active eruption, or from the d\A’c-Uing Avhose de.stniction is 
tlireatenccl by the ait]iroach of tlu* lava-stream ; but in an 
earthcpiake, direct our llight Avhithei’SocA’er Ave Avill, avc still 
feel as if Ave trod upon the A'ery focus of destruction.” * 

i>7. JJmiit of Ka>‘lh(innh'.K ffJt lof the Inhahttnntu of South 
Ahtericu. — “ Dr Tschmli, in his interesting Avork, ‘Travels in 
I’cTu,’ describes strikingly the ell'ect of an earthquake ujwn 
the native and upon the stianger. ‘ Xo familiarity AAuth the 
phenomenon can blunt this teeling. The inhabitant of Lima, 
who fi’om childhood has frequently witnessed these con\’ul- 
sions of natuiA*, is roused from his sleep by the shock, and 
rushes from his apartuwmt Avith the cry of Muterieordia ! 
'riie. foivigner from the north of Euroi)e, Avho knoAvs nothing 
of earthcpiakes hut hy description, AV’aits Avith impatience to 
fc“el the movement of the earth, and longs to hear Avith his 
own cMir the subterranean sounds AA’hich he lias hitherto con- 
sidered fabulous. AVith levity he treats the apprehension of 
a coming convulsion, and laughs at the fears of the natiA’es ; 
hut as soon as his Avish is gratified he is terror-stricken, and 
is iiiA'oluntarily prompted to seek safety in flight.’ ” + 

98. Humboldt's Account of Phenomena attending Volcanic 
Eruptions. — “Volcanoes which, like the chain of the Andes, 
* Humboldt’s ‘ Cosmos.’ + Ibid., translator’s note. 
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lift their summits high above the houiularies of the region 
of perpetual snow, present peculiar plienomena. The masses 
of snow, by their siuhlen fusion tluring eruptions, occasion 
not only the most fearful inundations ami tornuits of water, 
in which smoking scoriie are borne along on thick inassi‘s of 
ice, but they likewise exercise a constant ai'tion whilst the, 
volcano is in a perfect state of n'pose, by infiltration into tlit^ 
fissuivs of the traehytie rock. Cavities, which are either on 
the declivity or at the foot of the mountain, an^ grailnally 
converted into suhterranean n*scrvoirs of water, whicli com- 
municate by numerous narrow* openings with leountain 
sti*eanis, as we see exemplified in the highlands ot Quitu. 
The tishes of these rivulets multiply, (‘specially in tiu' ob- 
scurity of the hollows, ami wlieii the shocks of ('artlupiakes, 
which precede all eruptituis in tlie Aml(‘s, liave violently 
shaken the whole mass of tlie volcano, tlu‘se subti‘rranean 
caverns an^ sudilenly opened, and water, fishes, and tufae'eous 
mud are all ejected togeth(*r. . . . Amongst all th(^ vnh^amx's 
I have seen in the two luuuisjdieivs,” Humboldt remarks, 
‘‘the conical form of (!otojiaxi is the most Ix'aiitifully regular. 
A sudden fusion of tlie sm»w at its Ciiiie of cinders anuounees 
the proximity of the eruptitm. rndbre tlie smoke is visible 
in the rarified strata of air surroumling tluj summit ami the 
opening of the crater, the walls of the cone of cinders an^ 
sometimes in a stab? <»f glowing heat, when the wholt^ moun- 
tain presents an appearaiua? of tlie most htarfiil and portent- 
ous blackness. The crat»'r whicli, with v(?ry few exci^jitions, 
occupies the summit of the volcjiiio, Ibrms a deep caldron- 
like v’^alley, wliich is often inaec<*ssibl(*, and wliosi* bottom is 
subject to constant alterations. . . . Long narrow fissures, 
from which vapours issue forth, or small roundish hollows 
filled with molten mas.s(*s, albjrnately ojxni ami close in the 
caldron-like valley; the liottom rises and sinks, eniimmces 
of scorife and cones of eruption are formed, rising sometimes 
far over the walls of the crater, and ccui tinning for yitars 
together to impart to tlie volcano a peculiar charact(*T, and 
then suddenly fall together and disajipear during a new erup- 
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tion. Tlie openings of these cones of eruption, which rise 
from the l)ottom of the crater, must not, as is too often done, 
be confounded with the crater which encloses them. If 
this he inaccessible from extreme depth, and from the per- 
pen<licular descent, as in the case of the volcano of Kucu- 
Pichincha, which is 15,920 feet in height, the traveller may 
look from the edge on the summits of the mountains which 
rise in the sulphureous valleys at his feet ; and I 'have never 
beheld a grander or more remarkable picture than that 
presented by this volcano.” * * 

99. Volcavic Forces in ^mth America sufficient to cause 
a Reactionary Movement of the Eartlis Axis . — If this vol- 
canic region of South America presents such terribly grand 
features of the subterranean forces at work in the continued 
upheaval of the continent when they may be said to be in 
a comparatively quiescent stsitc, what must have been the 
effects of the tremendous convulsions that first raised a few 
groups of isles into a vivst continental mass, consolidating its 
wesU'rn boundary on the I’acific by a wall of igneous rocks 
live thousand miles in length, from two hundred to three 
hundred miles wide at its crest, and rising from the bed of 
the ocean to a perpendicular height of eight miles, or about 
fifty thousand feet ! Let us conjure up in imagination the 
awfully sublime aspect of nature in these regions during that 
period ; when the laws that had governed the declination of 
the sun on this planet were in a measure suspended, and 
a reaction commenced in the contraction of its torrid zone, 
tending to restore again its primarj' equilibrium. Xot all 
the poetic dcscrqitions of Dante in the ‘ Inferno,’ or the 
chaotic pictures of Martin in his Biblical illustrations, could 
represent the labours of the eiiith in giving birth to these 
the latest, but not least, offspring of her incandescent womb 
of molten rocks. Let us imagine the sea boiling, bubbling, 
and steaming above the domes of red-hot trachyte, swelling 
and bursting as they rose towards its surface, end then eject- 
ing through volcanic cones and yawning fissures such masses 
* Humboldt's * Cosmos.’ 
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of lava 4^5 to form »o many tln»us;intl miles f»f mountain^ ; 
let us conceive the shocks ainl quak«*s of the «*aith in ihi.N 
ora 4>f her travail, wlien the pent up volcanic forces cau>*M| 
her to rend the solid framework i»f her >ipheiv, a perlurhcil 
duiij^hter of the sun, lie* most convulsive ehild of the solar 
system; — ami then we may com hide that ihe cmintei-action 
of these jilutonie forces, toj^elhcr with the (ounterpoise **!’ 
this prutulieramv t.»f the ^lolx* in the sicath hemispht*re, li.el 
tJie elfci t of >;ivin^ ii ait impetus of reaction to\\anl> the 
adjustment of "'its ctjuiliiTium, lessening the anule i»f it> axis, 
aikil redui inu the di>plucnunt i*i the t‘i|uatorial plane fr^iu 
that of its orhit — a ci.iielu>i,in ihai i^ ineon^i'^teiu wiili tie- 
laws neither **1 asir anuny ih»r i^eol.^^y. 

100. **/ t'* nt rfti .It/or/c'/ ht flf.s 

-- In ailnh’itint: the ^nddt‘ii npleaval of the 

yueoiis neeiniain-chaoi'* “i South America the «hmiiiution 
of the di-^pll<*ement of lh*‘ e«liptie hy reason of the counlel 
action <>f f.re<- and < <»uiitei[...i^t* ,.f wi iu:ht .•e^airi'-l North 
America, Karopo, and A^ia. iiiclatir tie- re^hou ot C'rntr.tl 
America and part •A' Ahhou^jh tlo-'e are siluater! 

th** north h»-nii*'p!iere, \<t m«' ciaitind that lliev .ehied lloi: 

quota to tliC iZ' m iai n -uh ; n«a-me.rh the \oIf anie foima 

tioii*, ihtTe are e».ni,.j,;po{aiy with tho.-o ir» the south hem: 
,-plofre, and .-uh-eq-i -ht ill tlicir action to tlie i;.rneous ri.el.s 
and mountain - chains of the N« rlh Amen<an contite ni. 
N[t»reovi*r, havin:,' «t.v^;^ned that the obliquity of iIm* «*elipiii' 
extended at tljuit epoch to fortydive dcoif-r% equatorial 

centres of vokaiih; fon »- Would act with the .M>uthern forr *-* 
alrea<ly ej^ahlishcN^l, and ju'ainst the ocm ni) prepimdciance of 
laml in the northern re:,d»/ns. As an example o| the reemi 
uphc'aval and volcanic activity of Siuitlicrn Mcxicf», we shall 
instance the volcano of Jorullo. descrihed in dohnstijifs 
‘ Physical Athis/ fMMomjwinied liy a plan from llumholdl*s 
account of Xew Spain, as follows : — 

101. iSoHfhf*t*u ttho nnnprliaefl In th** gnat Volmnlr 

Bnn*L — “ The catistniphe which catmed the nplieaval 

of this mountain fn>m the surface of the earth, and through 
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wliirh ii ronnlrv iff C4in»i(h?niblf^ extent t^tully ohani£ed iu 
ui»jw aniiii*e, i.'i perliups one of the iiioKt exlnionlinary physical 
revolutions whirh the uiinals of the history of our planet 
juenenl, <h‘olM; 4 y tlerierilK^s the hIior*^ of the <»4;eaii, where, 
up to ns riit times, ilurin^ a counw* of two thoUi^uimi 
mar the A/ores, in tin? Sea, ami at llm south of 

lerl.iUfi, \<fl(*;inie ir»Ies luive eleVate<l theijiM.;! Via alcove the 
surfai’e Iff the Water; hut it pnesiuils no other exainjile when-, 
in the inti rior of a eoutiiient, at a ilistaiiee iff thirty six 
lea| 4 ues from the slouv/i of the oeean ami uioru than forty-two 
leajL^ues from any oilier uetive vohaiio. tlien* w.fi fonne*l 
Muhleiily, ill tie’ ei iitre of a profusion «ff hurnin)j little rones, 
a mountain of *.rnrue ami Jishes to a hei|/ht iif m arly 17<»0 feel 
alfovi- the former lev< I of the neighlHiurin^ plains/* 

ln*J. *»/ //o' * jrfrnttoriunrif •*/ 

Jurnltit.- *• Tlie plain of Malpavs, on whieh the volraiio U 
situatiMl, forms part of an eh'Vateil plateau, fn»m iMiiiO 
Ilonn feri ahove the level of the sea. I’ntil the iiiiiUlie ol 
tie- eiohteeiilh eeiiturV, liehls, in which tin* 4yu*,rareane ami 
imli;L'o were I ulti\ate<h extemhsl iM lvvt-en the two rivulets 
ralleil (‘uiiimifa ami Sail reAni. 'fhey wen* }.H»umhHl hy 
hasaltie mountains, the strm ture of whieh clearly iiuHeatn! 
that at a ri‘im»te peritni tin* wht»le I'ountry liaA Is'cii the 
theatre «»f voliaiiic .n tioii. llresi* fiehN. watensi artilicially, 
heloiii^'eil to the plaiitatiifU of San iVdm ile Jonillo, one of the 
richest regions of the country. In the month of June 177)9 
a suhterniiiean noise was heanl ; fiii:htful lH*llovrin^^s were 
ueeoinpaniej hy freipienl eartlnpiakes, which succeoflej each 
other iluiin;4 hlty I'r sixty Jays, ami thr«*w the inhabitants of 
the Afieo/e/ri into the ;^n\itesl consternation. From the coin- 
meiicemeiil of the month of St'pteiulw |ierfeot tmnquiliity 
«et*meJ to bt* restoreJ, when in the ni^ht Ix^tWeeii the 28 th 
ami 29th of the same mouth, a flnnulful subtermnean con- 
mission waa a^iin oliserviHl. The terrifietl Imliaus sought for 
safety on the mountaius of Aguasimui. On this <KC4i5ion the 
groumi wliirh is ralliHl the Mal|>iiys, to an extent of from 
tliR'c to four siiuare miles, was raiseil iu tlio form of a blad* 
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der, to a height 550 feet al)<>%'e the {daiii at ita highent 
point.’’ 

103. An Ex/imple of Volcanic Action ti/pieal of that in Stmfli 
America . — ‘*The Muljmys. towanls its si»les, has an elevatitm 
of only forty feet above the le\el of tlie former plain, called 
the PUii/a^ (le JoruUo: hut the eonvexity of the upheaved soil 
rises pmgressively towanls the eentn^ to a height of 5-5 feet. 
Those wh*>, fn»m the summit c»f Aguasareo, witnessed this 
great catastrophe, as.<4*rt that flames wen* seen to burst from 
the ground over an extent c»f more' than half a league sejuare ; 
that fragments c»f im andesceiit nnks wen* thnovn to a pne 
digious height ; and tliat aenvss a thick eloud of iushes, lighted 
up by the voleani*’ liiv, it apin^an'd as if the softened cu-usl of 
the earth was swidliiig. Then the riveiN I'uitimba ami San 
Pecln» w'ere pmajutated into tin* burning en*vjc‘es. The dc* 
c*oui|H»sition of the water oontribut«*il tt» n vivc* the lianas, 
which wen* distinguislu*d at the towti of l^asewaro, ahhotigh 
siiuaU**! on a brorel plateau, and idevated I50n feet jibove flu* 
plains of hu< Ploija^ *lc Kiut»tion> of mud, and es|K*. 

eiaily of \H-iU of rlay, in x^liieh balls of decuiii|K»s(*d bitsilt were 
envel«»jii*#b s**eiued to indieute that subti*n*am‘an waters lia»l 
]dayt'd a Tno-.i important part in this exlniordinary revtdution. 
Thousamls of little rone-, from six in ten leet in height, 
ternusl l.y the natives- <»veii.H {hornitos). aro>e upon the upraised 
vault of tlie Malpays, Kk It little eone was a fumerole, from 
whielnb*nse as< ended to a height «»f from thirty to fifty 

fi*et. In many of the^.* rone-* a Miljteiranean noise w;is heard, 
which aj^ptaire^l to indicate the proximity of a fbiid in a stati* 
of elmllition. In the middle of tlnsse hunufnti six volcanic cc»m*s 
were fanned upon a cha’-m, in a direetion of‘ m^^th-Ilorth•(^ast 
to Honth>south-wc*st, each edevated from 1300 to 1000 feet 
alK)Ve the fonner level cd’ tin* plain. The highest of these 

enormous cones is tlie gnait voleam» of dornllo, 1082 feed, 

aliovc the level of the jdain, and 4205 feet al>ove the* sea. 

(ireat eruptions of the centnd voleano eontinucMl until the 

month of Febniarj' 1700, hut in sm-ceeding yc*ars they have* 
iMMronic progres-sively more mre. The Indians, frightened by 



THE LAND. 


105 


the clroailful tiiniinil cauaeil 1*y the new %'olcano, at first 
ahaiicidiiiMl the vilia^M*K nituated at a diatanecf of Kc*von or eight 
leaguen from the PUnjn^ tie Jornllo; hut in a few niontlia 
they )H*eunie aeeuKtoiije<t to the frightful 8|ie<rtacle, and re- 
tumiiig to their eahiiin, they deaee!ifle<i towanla the moun- 
tains Ilf Agiuumreo and Santa Inea, in onler to admire the jeta 
of llaiiit* thrown out hv an infinity of great and little volcanic 
Tnouths. The iisheH then eovereil tin* rrsifs of the houia:^ in 
(^uen»turo, at a distatieo of more than forty-eight h^ues in a 
straight line from the jdaer of exjdosion.” At the |MTicMl of 
llunilKildt’H vi,Hit then* wuH no appun^nt voh anic ac tivity, and 
the ground Wiis being roven*<! with vegrlalion; yet the heat 
from the little ovens wa** so great that it incwtsed the leni* 
|K*nitun* «»f the air to 10*1 in the shade. 

lot. I'iiirt/ftir Aefirity r/iffrft/ ftmiiuff} fn Kr/mi^ 

tnrinl -In this iimat n‘inarkahle instance of the 

voleanie elevutiiiii of mountains, as witiiesge^l hy individuals 
of the human race capable of handing down a reconl, we 
obtain a gliin{iKe into the o[>eratioiis of natun* during the jiast ; 
showing with what smhleiiness, in jioiiit of time, a level plain 
is transfornnsi into a mountainous district. All llnit the in- 
telligmit mind has to do, in conceiving the elevatnui of the 
Andes, or the* volcanic moiuitaiiesystems of (Vntral AmericA 
and Southern Mexico, is to magnify, in imagination, the vol- 
< ano of Jornllo to that of ( 'opijmxi, and the Malp;iys country 
to the hedght of the table- lands of (^uito. Not, be it observed, 
that thc‘se wen* elevated to their presiuit altitude in an ecjualiy 
short, space of tiim*, but that the plutouic foit’es, and masses 
of eruptive rocks wc*r«* on a scale propoilionate to their mag- 
nitude*. It is only hy such dcgnvs of comjKirison that wo 
can arrive* at any conception of the magnitude of igneous 
operations on the cnist of the eartli, either rt*ecutly or in 
ane'iellt epochs. 

\V f Kft* also, in this (‘xiunph* of niodom volounic innunt»in», 
tin* iirtivity of ifinoons sulitominenii rtoti«*n that still prevails 
on the confines of the equator, fn»m which wo may con- 
clude that it was not until the gnvit vents in the north hemi- 
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sphere were close»^l, aiul afti-rwiinls iti thus luyhfr 
i>r the south heinispheiv* that tlte internal piutojiir !'on*es 
found a weakness in the shell of the earth, thi\Mis;h whieli 
theyexphnltnl in an e 4 uaU>riai iliivt tiou. It has \xv\\ jHiinteil 
out that the ^reat eentres of voleanie action in t)»e nortli 
swelled to their nuxiinuiu extent, if not elevation, in llio^e 
latitudes midway Iviween the norih pt»le on tin* t»ne hand 
and the «*«pialoron llie oile r; and liiut the seijueiiee of aeli«'U 
atie»n ‘4 the primary formatituis appears to have jiroj^; reused iu 
an e»[uatorial dirvetinn -that as the mon* nortliern li^ures 
\\t:\v eloM*»i -up hy tie* 4M^ilinu rocks fonains; dykes ami n»iii 
< ral veins, jle* wave< ot idnillition pn>oerdi*il southwards. In 
ilk** liiaiiie r we tind in tie* Si»mh American continent lie- 
;e*tive \*.»leanic recital in tropical latilmlcs, and an « \ 
tiie i i'^ne»»us scri»*s of iicuntains in thcextn me south, inrhel 
in;4 the ^naip.N r cky islands. CM' the •.rri‘al ehaiiiol 

tile Andes hr«>ken in its \olt*anio serio ; and we cannot 
jMiint out the inhilmeui of ihi'< law .^oelrarly as in tie* Nialli 
American mouniain^. or tie* iiiountain-sy>ti‘ms (»f Asia. At all 
ewuits, tle rt* are Htiffe lent data :«» sliow that during tie* lati >t 
ei*a, and in tli*- j»ie^« nt periirtl, the ^reat eentre-. of 
\oli*anic ai tioji are elii» tl\ thierted towanls tie* e^jualonal 
/-out*. a.s if that were ili** tiimne>i part of llie earth's enist, or 
the point'i through w hi» h. a.n weakest, the ]M*nt up volcanic 
juatter can niont readilv Inel an ontl(*t. 

lOo. fj J*trn. Not Old}* have \ve all eX 

amjde of thi.s ple noui* non in tie* western h(*tni^[de're, l»nt in 
tin* far Kii^t there is almost a connterpail in the Indiitn An hi 
pela^'o. The i.-'land of duva piacseiil.^ a linear Hirics of voh a 
je>es similar to that of C Vntral America, and the ad j:ic«*nt i.nles 
bristle witJi volcanic cones, even in ilie I’liilippines. It is a 
womlerful region altogether of volcanic phenotneaia, pn*sentino 
Some fcatun^ not inaiiifested hy its Wf stern eonUuiiporary. In 
Java '*all the tnoiintaim*4 may bo considon?*! aa volcaniM*s, 
active or donnaiii. When in an active state thc?y are nuiiark 
able for the quantity of stil{diur and «ulpliuifon» va|H»urH Ibey 
diricharge. Many of the eruptioiiji liave Wen {leculiarly din 
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aslri»tis. *rin‘ <*niUT of ul Hu* eii<l<»f tl«; Si^iaiMi, 

(*ontaiiiH a lakf, uIhiuI u 4 Uurter of a nitit* Ion|/, ntnm^ly iui- 
|>iv^iiati«tl with i4ul|*hurie arid, from whirh thrro a 

Hln iuii «*f lu id Wiitvr»<» drstnictivo to Hfr that in’i*n lUh can- 
not livi* in tin* mi near iu mouth An extinct volcano near 
l»atar, ridicfl (iiievn I'jias, or the vah* of aUmt half a 

mile round, in held in h*»rn‘r hy the i^itiveK Kverv liviiij^ 

( n :itur«‘ that onterHi it drojiii d<»wn deivl, and the hoil in Ciiv- 
^n*«l with l arca^ses of deer, hinls. and even the Ikuiks of men, 
kilh‘d hy the noxious dea«ll\ oxnes that lie at the IxAtom of 
tin* vall'-v. ’ “ In anoilu*r erater in this land «'f won»h-rs,” 

says Sir (diaries I-yell, “the sul|ih\ir»*ous exhalations have 
killed ti;^^ers, hinls, and iiinninerahie iiiMats ; and the J^ofi 
parts of these aniiihds, such as the tilues, muscles, liair. and 
skill, are very wi ll pn^servefl, while tin* Isiiies are ciUTuded 
ainl luuirely destroyed.” 

10«). f Iv nmrh ^, — Here we com lude <»ur vieW' 

as t4> tin* prohahle causisthat pnwhnetl the extinet tn^pical 
epis-h ill Kun»p«*, aiel proteed to n*vie\v tin- ^u*oli»pcal evi- 
deiiee of its decliin* throuj'h vast peritnls «>f a transit i(uuirv 
charaeter. <\istin^ a r»‘tn»sjM*ctive i^daiiee at the ancient 
a-jM-ct *»f our roiiiilrv, it is e\i<lent that lliere was as jrreat a 
tlilVereH'-e — if n**t a oi\‘ater — I m Iwi oii the physical jj:eoj;raphy 
of tin* Ih’ilish Isles at that jieritwl ainl their pn'seiit loinlition, 
a.s now* exists iM iwa eii them ainl the isles of Java. In all 
prohahility we see iln ix* an exi*«tiiifr t-xaiiiple mU <mly of the 
inteiisf* solar In al which oiiee pn*v;uli*«l here, but. in the gase- 
ous exhalations fiHUii vcdeainavs and their eruptive action, ex- 
amples of the tem-strial fones of the interh^r which acted at 
that jMTiiwl ox\ the i‘Xterior t>f ^>ur present ijuiescent temjM'niU* 
group of islainls. Sliall it 1 h* sjiid, then, that there has been 
no gn*ater change than might arise fnun an alteration in the 
elevati»»n or auKsidence of the pn*sent lands al>ovo the level 
of tin* sea] Is it not nioie prol«ablo that Java, land id 
wornlers.” is typical, not only of the Itritiah leles, hut of 
Kuro|Hs Aaio, ami North America during the exiiuct twifi* 
cal eraa that formerly exUtoil throughout tho tetnpenite 
n*gtona of the earth ? 
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of rAr)*onio siriil );a^. § lo7. — 

t_'arU>nifrri*a^» cm lu Kvir“j««‘ tropuai. A)»M»r|*Uv>n of wirhon^’ 

by thr pUiii.> f»rnaii«' lh»‘ < oal • -Tlsis jnmio«1 

iioUtr*! from si;b^-ttucnt Up. -Prub.iblr « of 

Ih^fc* trppi.'A th*/ * arbojjifirou-^ fra. 111 ilMJcm! mi w of t*j«H hs 

u> tr‘*|»i* cvt*-?.-!* :’.. nKWituuu). ami (liiiiiiiutioti, ll'J. Kxtiiut 
oficanu: % *rl.l om|»-iirv*l V^ riM* aial fall of ihc Ibtiuuti i*iupirr, IM — 
of aniiiu’is 4JcI » of j.)au!^ «iurinu' fianHjtiou 

1 H. — Mto^ 1I*» 1*1:< <«*:»<** atwl |H*riM«N» lir». — 

A^lvt-ut of the gU/ ;al 4L?!». *jlt of rYjilatution. 117. Kofbcn'j* ib'- 

*t nj»t:on i;*ai ;al :n t!»** Alfo, llS A|i)»lP4!t *n of nur 

thforir toa,^.lar^t for 1 Ii>. •- Il’» jbiralton coiK}*ut«>il !UM»r»l 

u:;C to tl.v rai-i / f of i*i.- tioj,iial )*•^K tila* ial IktiihI 

t'iitai4:uiJ»h*-»l *>b** fauna ,\U'\ Jl.Ci ' * ii,*' lroj.i*,ii * ii; Kuj-i'iH*, rjl.'-- 

'.n sjfoi. a!' t*r;s** au i /Ki' iaI TJ^, 

llN. A I t» jt'-* .! 1 9* i* *UA nf infill* 

htfio* A^*»i fAM. -Of < nlH*n jii a fonu tln-rt- Jio 

pxi#^l-N ill t}i»* iP*rih s.> lar;.;<* a pr^jMirtion an 

niin; 4 li*i! with ihr #'XSiri^l Knp-j» in tr<^*}ii(al atii»o>jilifr»*. (hi 
thi-i im{K.»rtant liraip fi »>f otjr hin 

vipwri aii ExhalatioiH of c;ir)^<nir ai i*! arf% < \oi 

in our »l;iys?, to W* f:t*Ui*v\(pol a- Uip ino»t iniportanl of ail 
«ufunations wi?li to ilo ir numti**r ami tin* 

amount of thrir f/lfua'iori. Wf? in (M*nminy« in ihn chM*j» 
vallfA’rt of tiu? in th»* no;:ht>^>urli<*^»<l of tin* Ijiko of 

I^w:h, in tin; valloy of iIh» Wolir, ami in Wc«t4*rii 

liAhomia. oxhaLilioms of ^Mrl>^>nic ari#l iiiaiiifoHt tlioniHplvfw 
aa tho hi^t of vnli aiiic a^^tivity in or near tlio fm i of un 
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i';irli<*r worM. In lints** earlier imtumIh, wli«*n u higher UfiTe»- 
li iiil rxisltMl, when a luuiiWof gitjat hia^ureH 

still miiuiih *! uiilillrtl, the jmHfHKe.s \%'«* have (leKcrilx:sl afit4*<l 
luon* jiowiTl’ully, ami rarlnniir acid g;w ami hot sUiiiim Wen-; 
»iiix<Ml ill hiigrr in tin* aiiiioHphrre ; from whence it 

tollow'^, an Adolph lirongniart ha.*) ii)genitMn>ly hliown^ that 
tin* primitive Vigitiihle wt»rltl inuht liavi* exhihili-^l alino^t 
i vcrywhi n*, and indrjM'ndeiitly of geogniphical jv^siiion, the 
most luxuriant ahnudaiico and tin* fulh^t development of 
or^'.iiiisiiK In lln*sr constantly wanu ami damj* atnu*spheric 
strata, saturated with carhonh- acid vcj^etatioii in«Ht have 
attained a d»gri*c of vital m-tivitv, ami derived tin* sujht- 
ahumlain r of nutrilioii necessary to ftirninh materials for the 
formation of llie l)**ds of lignite p-oul). constit\iiing the inex- 
haustilih* means on whieli are lvi.s«-4i the phvnnvd jM»wer and 
prosjH‘rity of nation^. Such imwisCvs an* di-^triluited in K'isins 
over certain pai1.*% of KurojM*. •neurring in large ipuntitif^s in 
tin! Itritish Nlamls, in lU lgiuim in Franc#*, in tin* pnodnccji 
of tin? Lower l%‘hine, and in rpjH»r Silesia, At the siiiie 
]'rimilive peri‘»l «»f univeixd voh ani* ac tivity ihoM* enormous 
HUaiilitie^ of carlMPii must aKo have escaj^'d fn»m the earth 
which an* contaim d in lime>tone n*# ks, and whn h, if sc-jur- 
at«‘d from oxygen ami n*du« e«l to a 8»did form, avouKI consti- 
luli* aU.ut the 4'ighth jKirt ♦*f tin* uhsolute hulk of thej^^* 
mountain -mii.'*ses. Thai poilion of the carlwin which w:is 
m*i taken up hy the alkaline eailhs, hut n*maiiu*<i mi\c*#i with 
the alinospln re jw carlMinic acid, was gradually consume*! by 
tin* Vegetation of the earlier >lage>H of the uorld, so that iJie 
atmosphere, after being puritnMl hy the pr#H'e^5ses ,,f vt*gi*tahU* 
lift*, <udy ivtaiin*#! the Minill quantity lluil it now |Hcsse^so9« 
and \\hich is mu injurious h» the present urgMiiiKition of 
animal life.** * 

lOS. (**irh^ui/rroHji Pcrintl in antr^Tru/nml . — In 

stating that then* an* no giMilogical data to show that a tern* 
penito lh»ra existed ill Kun^jM? prior U» iU tntpical era — which 
wtiuld have l>een the case acconling to the theory of a former 
• llumlH>mtH * Owuosu* 
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extension of the torrhl zone lieivin mlvnncetU- it shouM he 
umlershxHl as applying to a tiom Kitanirally analuj^^tais to that 
whieli now exists. This statement inii'^t Iv hy n* 

ferrin^ to the ^eologieul data from llie fossil iviuains of tin* 
carKmiferoiis eptH:h, which exhibit pn»ofs of a vegetation 
existing befon^ the ti\»|»ieal era tT K»in*pt\ partaking in sonn* 
laeasuiv uf a temperate flora, hut still not of a purely tropical 
character. Tliat tlora may he de^jignated seini tn^pical. ina> 
lunch as its living: congeners in Australia an* ftiun«l within 
the Tn»pic t'f i.‘apric‘»rn, and as far s:»utli as of lain 
tinle ; hut the plants are .'so >4-nsitive of ci^Id that a sliarp 
frti'^t kills them, and evru giant tiv.s will jn rish it smov rr 
mains any lengrli of time ^»n tin* gnmnd. 'l*ln‘se art* gum 
trees pirn* trees (.1 // /o ), arhon sciuil ft^rn:' 

{!> uTid -nleMt'k trers i ^ 'oAV/o/‘/#ef ), which are anale 

gou^i.itli** gf lati'»n »*f the o»al format ieii. from their 

highlv e iflnmie >t: act lire. A'* poiiitt*d (‘Ut h\ llnmhi»ldi in 
the f*»reg*.ing estia t, the at)a*»^plh*re at thi> |»»aioil wa^i 
highly charged with larhonie a- id whidi wa> ahsorlMd 
hy the iuMinant g ihe remain^ t*f wliieh form the 

immctw coa! Jieid> who h t ireal Itriiain owes so much of 
its material prejj* riiy. “The evi^lence of such t iionnou*- 
*|Uantitie.-* of e<,‘a! it^tlf hear-i witness to tin* extent nf vegeia 
tion daring tie* eporh /d' it, pr-MluctioU.’' And the aiinain: 
of carlwin e\traet>*d fr iia the atmoj^pln rc aided materially in 
altering its chemical romlition. which. n.< we nIuiII see in tin* 
third part of this work on •• 'l ie* Air. ’ changed the f«»Iiagc of 
the treei4 frun an -vejgreen to a dt*eidu«»us condition. Tln r 
fore, Ik* it remarked that previous t<» tin? tropical era in 
Europe theni existed a Muni temperate floni, differing in i liar- 
acter from what ii</w exists, hut analogous to wliat is found 
in the south temperate zone. More4>Vf*r, it was at this epoch 
that animals of a marsupial eharairter, similar Uy tin* AuHtni* 
lian kiingaroOf leapt through the covert^s of the carhonifiTons 
foreste; and though these iiiterr;sting animals n^ani over the 
trr>pic» of their native country, yet are they ahuinlartt in its 
coldest latitudes. 
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Ahnurptinu of (Jarfitmu: Acitl (tUM hy thf* 

;//////#//i. — Without furth«?r into liuta on tliiK 

IH»int, it i« ahuiniaiitiy iividfiit tlwt, prior to tin* eni of {ialiiif% 
uii'l cvrjvhufw flouriKltin^ tindoi^ llto myn of a vorth-a! »un, 
tliorij \vii« a pori^nl when plantii of a conipanitivc ly tein}H?r- 
ate nature #*xiKl4M|. 'I'liiw fa< l .HiipjK)rt.« tin* thi ory arivanml hs 
to the ^uiultial ext4*lisioil »»f the l^uriil /one hefoix’ it lH.-caine 
eMijti-4ct!*iI to its presiujt liiniU. Then* ii« aU* eviilenee that 
this earlioiiiferotis epoch laste^l for MU‘h a Kfxia* of time that 
tie* ;:n*ater ituinher of sjh eii*>i lH*r!ame extim*! UTore tliotlawii 
"I* the tnqiieal era in Kuri»|»e. Now this extinction of 
«li*l Hot n^.suli s*i niueh from tie* inen^s^* oT heat as tie* <le- 
eir.i-r Ilf earixutie aei‘l in tie* at!ie*>ple*re. on winch tie* 
vep talion 4lep4‘iele<l for its support. li i- a hotanieal fact, 
prove*! liv «*\jH riiie lit. that h rus or iw nion* rapidly ate! 
with a m'‘n‘ uimhIv textun* in a f*e*tiliou- atmosp)e*n.* luL'hly 
rh.tr.,'<*»l with ear!M»iiie a< id j:as than lh* y ♦!•* in the ordinarv 
air: also that jiiies. fern>, arnl >hruhs, ;,uo\vin;: in miters m 1 
extinct v<»leanoes when* this pi- i- » jt*eted from erwi* a*-, 
tlourish witli ^'realer luxnriaiee than at othi i 1 saliti*- in 
tle'se ne»untains. wle-n* less carU.n exi-ts in a pis*M*us form, 
lienee it lias Imh m conrhnled that, during the <*arlM»nif» rous 
era ill l''ain*j»e, lie* ;:i.:aniie tn*eferns. the r.#/ono7e^. A/i/d - 
lA/e/ro, AO/iV/orei, and other phnits \v!e*se fo>^ii-reiirains art* 
so ahuiidant in tin* eis\l-nieajsan\s. wen* .stip|Mirteil in then 
ofowlh hy the atinosphen* Inunj^ inon* hi;:!ily sharp'd witli 
earhonir acid pts than at pnxsent. Wht»n this was n dm^ed 
hy ahsorptioii into the lignite fnun thcst* d**ns4‘ fon sts they 
diininisled in ahundanoe. while the larger s|>eeies Iwanie 
extinct, leaving tuily tlie feriidirake and nian*’>-rail. with their 
tiiininutive congeners, in our ponds and thicket^s at the pn*- 
sent day* ns vestiges of a coKissal senii-tein|H‘nite vtiigi'Uition, 
aiiterit*r to tlie tropicnl era in Kun>pi\ 

1 10 . yVtijf Pf^riotl fmm Tfynmh'off 

fVrunt ^, — <hi this point IIiimlKildt nunarks, in disKHissiiig 
tins iiflHnenre of n*action fixun the interior of ottr planet oh 
the exterior, as not InMiig ‘•liiuitctl to inoigiinio nature alone. 
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It is li4;hly pn»haMo tliat in an uarliur world luon^ junvorlul 
einuuatious of oarlxauc tu'iil gas, Moiulod with tho atmo- 
sphere, must have imnMsed the assimilation (»f larhoii in 
vegetables, ami that an inexhaustible supply of rombuslible 
matter (lignites ami earlnmifenais formations) must have In en 
thus burietl in the upper stmta of the earth by the revolu- 
tions attemling the destruetum of the v<wt Iraets of f**rest,'* 
Thus the formatb'U «»f onr e»Kil-dejx>sits, so especially Im neli 
cial to the inhabitants of GitMt Britain, in tim«* e\hau'^t«'«l 
the gaseous element^ or rather ivduceil it to an inlinitesimal 
pi\»lx»rtiou of the atim»sphen\ Mich its exists at the i»r0vs« nt 
perusl. Tliat this prmess of extinetion of sjH’eies was 
gradual, tln re aiv abundant data >liow ; while the dura 
tion of this rmiarkabh* epnrh w*»uM appear to have btM-n 
eomjKirativcly limited. Mori'o\er, on the s<*ciions of strata 
forming the ♦•ru>l **f tin* i*arth, it appears prominently in a 
«uce*'«»siou o{ bl.it k band> that have jio counterpart abt»\e nr 
Ixdow, We <oindu<b‘, tlicivf‘*r«\ that it was a pi'riotl in the 
World’s lii>t*»rv win n tin* hist flora «»f tin* north t4*m}MU*atc 
Zones enjoyed onl\ a comparatively brii'f s«*j«mrn on tin* 
newly-uphe/ived lands of tin* mulh hemisphen*, uml the im- 
perfec t .'a*;isons of ihi: cpoih iinTgfd .‘^niiiewhat mpidly into 
the ln>{*ieal cm. 

ill , AV/»'nx#/o/ oj t/urhtff i/t»* 

Er*t, — .\.sr*umiiig, ;is already taken for granted, that 
this change in tli** nrg;iiiic epochs was tin* result nf au c \- 
pansiou of the torrid z»*iie, it In-eonies intcrestiiig to impMie 
what wer«i tin- degree*^ of oblitjuity of the ecliptic at the 
eommenceiiieiit and t4*nninatioii ni the carbonifen»us era. If 
we take the latitudes of Australia and New Zealand as exist- 
ing examples of that epfsdi, tin* tropic would then have 
extended to Indween and 3o' of latitmie — sis these may be 
called the middle latitnd«*.s of tin* gigantic ('<»nifers and ar- 
borefy;ent ferns of tliojw* region.s. Hero the objection may 1 m* 
rdis«*(I, that this bare assumption is not HUpporte<l by sistro. 
noniical computatiiiiiii showing that the angle of incllliati«ui 
of the ciirth’s axis ever reacln‘d the minimum degree men- 
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tioiHMl. Truly ho; Imt if wu li>fik lieyond the terreKirial orbit 
wi* hIiiiII lin<l WUI16 of Uie phinetH with aiiglcH of inclination 
ill llirir axes, ami coiuicciuently troj>iral zoiien, much greater 
than th(i maxiitiiini, oven the highest wc have namt^ly of 
ir>‘' as a ]H»ssil»l«* cxti.'iinion to the extinct tropical 2(»ne.. Tliia 
part of <»iir Huhjert will }>e carefully examined in the next 
< haj»t4‘r tn ating of the planetaiy miwam. 

1 rj. ftrfirrttl l^irtr ft/ E/»ffrhs aci^itrdintj to Trttpioil Extm- 
owl iPiminution, — Admitting^ uicfuiwhile, 
tho g< in nil prinripU* of thin lhe^»r}% the quotion involved in 
the last hunark com rriiing tniiiHition peri«sls of the tropical 
o|i<irh in iU tlecline, demands our attention, a.s to whether 
the World rested at its gD?atejit oMiqiiity of the ecliptic 
wluMi tile voh aiiie f*»rcea, les.s(*ning th«'ir activity in the north 
lieini>phi’Dr, Is gan to incDsiM*, in tie* .south. On this iM>int 
grnlogy furlli^ln^s ampli* «lata in the lower ami uj*jH.*r tjccond- 
ary formations, wh»*n time was tlivided into e|HH*hs of im* 
nil Use dimition, Is fon* the world navhed the climax of its 
tropieal existeiier. This we coii'^idiT occum-d at the eom- 
im in (*im*nt of the older tertiary formation, during tlie iweiie 
l»eri(»d, when the expanded ttrridzone showvsliiympUunstif c<ui- 
traction as the oliliquity t»f the <*c!iplie began tfMiiminish. The 
following apptNirs a rough skeUh of the pn»gD‘ss, maturity* 
and decline of tin* tn»pical hist4iry of our planet as levealcd 
by geoh»gy ; 'fhere an* three grand ejMsdis — tin* palax>7a»k\ 
secoinlurv, and tertiary — each In'ing sulnlivided into ik*veral 
perio^lh when tin* pnM’e<ling genera and species wen* extin- 
guished, and then sinveediHl by new forms of creation. In 
the paheo/oi** series we m* a gnnlmil scale t*f developnnuit, 
from tin* most ancient fi»rms of oiganise<l K’ings, the ivmains 
of whieh are abundant in the Silurian n>cks, up to the Per- 
mian .system containing the fosail nuuains of vertehrata. In 
the secondary formation the higher classes of animals com- 
mon to tmpical n*gions incn*iise in gi'nera and sjH>cies until 
tln*y nuu'li their most colossal dimeusioiis. At the liegiuniug 
id' the leriiary formation the fauna and flora of Europe is 
still tropical ; but as they pass through the miocenei plio- 
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eene, aiul ploistoct u** {H*ri»Hls, is a j^^raitiuil tlrclim* i »iu 
tri>pical forms to a temponUo fauna ami flora, siu*h us i *»\v 
exist. Applying; tlios^* vptK'hs t*> t»ur theory, iho pahv»^-’i<' 
vrouM corresjHuul with tin* inoreuM* of ohinpiity i»f i In- 
ecliptic, the secondary formation with its maximum, and 
the tertiarj' fonuatioti with its diminution and the origin f»f 
tile seasons. 

113. The Edinei Orgmie IlVrfcf ampaml to theRiee 

Fait of the Romm Ktopire . — From what we have advane^Ml 
in the foregoing chapters, it will be seen that natnn* in alt 
her tninscendental opt^tntioua, whether in the interior t»f our 
planet, or in its movements amotig other celestial IxmHi's in 
the universal cwsmos, pnxrsiHls with gradual and nicastin il 
pace towanl^ the 4level»^pmcnt of any physical stnictun* *>r 
its phenomena. Ilenci*, in tmeing the decline of the tn»picul 
era in and the rist* of the tempemU* cp«Kh, we find 

geological «lata which imlicatf* a graduu) extinction <»f tli** 
one blendiHl with the origin of the other. Like tin* ri--** and 
fall of the Lotnan emjdn*, wo ohs4*rw the disiippi‘aiing »d‘ 
organic pr»>vinci's one liy one, am! of the gigantic ..f 

animals in Iho^? one#- tropical realms when* they ruled witli 
imp<::rial sway. As the legions of I{»une com|Uen*d that 
empin*, .*v> a univerxil torrid /ono prt*vailed, }«4-ndiiig forth it-* 
armies of invulnerahJe n-ptih--, and mammalia <*on*|tier and 
SIlMue the wi»le tfopjeal %%'orM ; m> do we Iiow see the 

genial lafids of the l^mken tip into many kingdoms 

of animals and plants, like the ^evend monarchies i»f Kurope, 
flourishing eaeh in it- own don:inion«, w'h»‘re once the 
laws of the Uotrian empire reigned snjireme. And a.s tie 
architectunil ndirs of ancient tm-ece and H(»ine hIuov the 
grandeur ami extent of that ext inn civilisfition, do tie- 
coloso<al nmiains imlar^ldcd in the fri«.Hi]ir(-nnis rocka of lie* 
transition f>eriodH ilhistrate the gigantic organiama of the 
extinct organic worlil that succuhiIkhI to the encr<«irhtiients 
of the frigid and temp^UTib? xoiies. ^ 

114 . Afigmftrm of Aftimah and Kjritrtftinn of fTnnU iw 
Transition Periff^ts. — A» a rule, all aniiiiala incligonoua to 



w;irin rf}(iojiK v.ill towanlH llif r;4{iiaU*r alioiild their 

ii.itivi’ <liin»‘ 1 • ctiiiie w» cuM tiuit the teuipf.Tature ititerferea 
willj thi-ir ciiioyiiieut ff lile ; and if they Khould W geo- 
gi-:H*hi( iilly hit uftted that they are |»rcvent«;d fmm mig;rating, 
the iiiereiuiitig lowm^ of tem|M;nilun: will ultimately extiu- 
guitih tliB rmte. Moreover, while a decreoao in temperature 
Imia to the extinction of a apecies preaenting tropical fatma 
of animal life, it alao afiecta plant* of a tropioal diaiacfcear, 
and aa they have not the power of locomotion, th^ are tim 
first to be extirpated by a frigid or rigorona clime. Thua, on 
the decline of the tropical era, the vegetable food of her> 
bivopiUH aniinsila l>ecanie ^extinguished, and as their carcasaea 
wrv«i)l oa fiMMi for carnivoroua lieaats and bittls, the entire 
organic u'orid of that era in Kuro|ie was antiihilate<l. Hence 
w<< find ut the chwe of the iMS’eiu* |X‘ri*sl— the first of the 
^tertiary formations — that in the Hritish Isles the general 
••hnnwter of the fauna and flora w:us tr«>|ii(-al ; Imt, with one 
ttr two uxceptions, all the sp'eies iH-ennu* extinct, and do not 
range to fomiiitions cither aimve or Im-Iow. Jfot only were 
the ghiiit fonns of tlnit era extinguislicd in the middle lati* 
tildes of the north heniis|dien', hut those of analogous char- 
iu'ter aiul dimensions now inliuhiting the tropics are till moix- 
<ir less s|K>>-ilieally distinct fn>m their ef»cene pn^euitors — 
nhowiiig thereby tdlier orgunie ehanges in the attiiospheiv and 
vegetation fmin those of teiiiiwrature. which will Vie further 
iilliKled to in the tliinl p-irt treating of " Jhe Air.” 

lir». d/iVcwe /Vr/.s/. — The next jH-riod uaiuetl by gi^do- 
gists is the iniis’eiie. as exemplified in the ctiniUine crag of 
the llritish Isles, couiposcil of marine eulcaivous muuls. lime- 
stone ViiUids. and greenish marls. “ The cor.dline crag alsninds 
in shells and as>M»pbyt»*s. Aliovo340 sp<*cies of molluaca have 
In'ch eollected ill it, of which 73 are living British s].tocios. 
. . . The general charaeter of the fauna of this e}>och is 
Lusihininn (t.e., like tliut of the Sjmnish {leninsula). Zixv 
phytes uImiuiwI. including many southern genera." * At this 
stage the [diysieal history of the world it may he said that 
* ProfiiMur Uilwsnt Forbes, in JohnaUm’s ‘Physical Atlas.' 
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tbe iNNiSQiia commenced their ceieer, end the winter though 
dboii was sharp, cooling the air and tlie water, causing the 
migniiion of birds, beasts, and iishes to the soutli at its rig- 
orous a{>pn>2ich. At first their places were not supplie<t by 
the higher classes of nniunals in the water, and the land \vo\ild 
appear to have K*ea desertetl as comjKmHl with the mnidM^ix 
of its previous otvu|>attta, while the sureuleiit vegeUiti**n 
j>erisht^l in the cold blast Frt>m the g<^d»‘gieal remains ut 
this fierio*l the fructifying |Hnv«*rs uf iiatTiri* apjH’and to liavr 
Wii cin\iitt2kribed in their actum. She t<» ha\e c.»m 

meiice<l d** nt^vo in engendering the hover forms of iiiaritn- 
creatures with functi^ms ami organs adapliMl to the altcn d 
temjKmature of the sea, and raising Muall but hardy plant > ’ » 
resist the rigours of a wint< r 

lie. auJ P»*ri*HlK — T!»c inionnt 

j^tuiiwl was suoceeil«*d by tin* pli<Henc, wht-n there were 
ehaiigc^ in tht- getiera and sjhm ies of animal.s aiel plants a*! 
vam ing in orgaiiie ntne ttin*, Iml adapted to tie* » .►iitiiiii* d 
low-cring of temjH.*rature. Thi.*^ lu w rreatioji uf organl^m- 
cap;ible of resisting inereasiiig cold evidently re.u lied ii - 
climax at the clow uf the dept>Mti««n of the lu wer tertian 
fonuations — what gfsih»giMj^ term th»? ph i^toe^-ne piri«Hl 
when i» e al>ounded ihrouj^h aii Kun^is* to a greater ext<‘nt than 
ivt the pn*''efil day ; a?id it in evident that the seas, if not the 
climate, of thill jwTlod r**aeheil a leujjxmiture as low jis ihvil 
on the f Miifiie s oi the an li*’ eiri !e. “The fossil.'^ found in the 
Itritish marine pleisUKene ar** eJiieliy remains of niMlIusca. 
They are all eitlier living Jiritish .‘<peeii.,H nuw* chieily found 
within the Celtic n^gion, or .^uch ;is, still living williirf our 
anra, are f>nly abundant in the Isueal region ; or hucb as are 
extinct in our sem*, but atill survive in tin? arctic ivgioiig or on 
the (!oa.Ht« of li^ireal America. A few mnitheni forin.s, whieh 
tlo not now range to our .so«w, accompany them. The faiiiiii 
of the glacial beds, including the maiiimuliferouH cmg, coii' 
sists of alxive 170 species of marine aiiunals, c:hi(;fly niolliisca. 
In the fresh* water bods many extinct mammals occur. 

• Professor Eilwanl Furl>cji. 
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117. Adwni of fh« OUuial PtfioA dAffievU of E xpUmOr 
tion. — Looking to the ihocwy of « gndiul dimmntioB in 
the fttmoepheiio tempenitoie fVom toopical to tempente in 
Karop, ae set forth in thb chapter, the ooettnenee of a 
glacial portMl between tbeae climatic changee will appear at 
liret Might subversive of such a (bjctrine. It seems oontraiy 
U> tlu< liiWH of nature timt the period of arctic frigidity which 
prevailiMl tbrrnigh the glacial period should intervene between 
extreme and iao«lenit4* <legre*‘s of beat. AVe shall, however, 
endeavour t«» «how that thin appanmtly exceptional period to 
the geiienil law may Im* aceounted for on soli«l grounds, in 
a< <-or«lanee with our theory. 

1 IH. Ih'itrrifitii’ti o/ (Ihtrinl phrnnmfun in ihf Aljut. 

The fvi'leiiiejt itf the gl.Hcial peri'Hl are nunierous. and c«in- 
-iMt <*f indieatiotis exi>tini: in eountries where nf» glaeier exists 
at pre.'eiii. as in Seotl.md, and their fonner I'Xtension where* 
they now exist. JiM in Swit/erlaiel. “The ininnsiiate neigh- 
hoiirlexMl. of most of the gl:icii-i> of the Alps alfonl une4|uiv4M'al 
tmoes «if their having Ins-n niu«-h nioie extcndcl at iieri«>«is 
anterior to hist4>rv than eveii in the pn-sent day. . . . Vast 
iiioniines. or heaps of transp>rt<*<i Id's-ks and gravel, at con- 
si'ler.dile distances (a mil*' or nu»re) in advance of the present 
iHiiind.s of ice, have Inen adniitt's} on all hands, at least Mim*!* 
the time «)f I>e Sausstirt*. to attest this faet. Tliose mi'st fre- 
(ptently ipiottsl an* the old rnoniine «>f Lavanchi. near 
t'hamoiini, Is'longing to the Ulacier •ies l.lois ; the moraine <d' 
the (Jl, icier of Koss)ai«len. on the Simplon ; and that of the 
tllaeier of the Khone. Admitting these, we find it imjMW- 
sihl<f to draw a line betwei'n them and other moraines in 
or near the mouthR of valleys whose heads an* .still oecupietl 
by glaciers ; and this evidence is stn>ngthoned if we olworve 
tin- Kime ebametor of the rocky surfiwes which the friction 
of gliu iers undouhtsxlly pnsluces — namely, jrerfectly smooth, 
roundcxl, dome - like fomra (callctl rotdieo moutonnfeo by 
l)e Saussun*), gnxtves, and stria' in the Erection in which 
ice. must 1>u moved ; and in some cases a line even-polished 
surface, such as is produced by continued attrition, hut 
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nemr by eiyrtaUisaticm* Such are the phenomena »ocn 
near St Genrais in Savoy, where {m alreaily iiientioiu*«l) 
the travelleil bloeka and gnivel of Mont Ulanc may h} 
Unuoosly tiaeed from the lunghlHmrluHKl of S<dlenchoj4 (luid 
probably much liirther) up to the exJMiii}* nionitm^ of th** 
Glacier of Buuuisa^iv, and others in the amuo tlin^etion. . . . 
But^ so much Inking admitUnh it seems innK»s4«iihle t*> 
here. The ctuitinuity of moniiiies and the efteetn of :\Uu 
tion v<4^*m to eonueet the vast bhn'ks of M »nthey, in tin 
Y;iliev of the Ilhone Ivlow St Mauriec, with the uinlniiM< 
ghuier dejswit< **f the vaihys of Tri<*nt an«l Feiot ; .oel 
the hl^Hcks of Mtailluv oanuot h*ive any 

aserilw'd to them wlii> h mn^t n *? he exten Utl }»y iw. 

alleUsm *»f eirctim>Ui!n t » the inninnemhle fon-st'* of ptiu i 
tiw UmMei*s whi^ h **n*‘^‘ '^to*Wf*d thr winkle plain of 
SwiuerLunl, an«I whi‘ h. OMelun^' the .Inra M^'iint.iins (fMitn .i 
tmtii^'ly Hiue.-i««neh ha^ left an inip»»sii\:/ int u; .rial i? 

exiJ'tenee iu th*' U It nf jrajnti< hut >li*4litlv \v<-!m 

or rofitifh*!. h.* ah-ng tin* fa«'e nl th*0 c hain fac ing tie- 

at a ht'i*:hl **f h‘* t aUwc* the plain »»f Suit/*‘lle.n 1 

and the Ijike of Nenf Juitc l. Startling aiel improh d'lo .i" 
>*n*h an origin nni>t h»- admi!t4-«l to h*» at tir>T ''i'jht, it 
h*und, «{>*m examination, that eve ry livpothe'-is yrt pr-»po.^.-.i 
to explain «*» impt^rtaiit and -iriking a geol«>giraI ple-nomena 
is preHj*rf*4l with not le-s fomiidahle diflienltic*.*^/' ^ 

lit*, of f^)ir fn ftrrnfntt Ji*r //o* (thtrfiff 

/VjvV/,-- FTinhc-r ( videiiee need not 1 h- adduced to ^Imw 
that a }»«*ri<Hl exi.-'ted, suh^e^pe nt to thi* tropical e poc h in 
Eun>[)f‘, when intense eold pre\ aile d, sin-li as now 
chiring winter in the an-tic* n-gions. It doi's not fedhov, how 
ever, that a eom-sponding frigiclity of elimate contiimecl all 
the year round ; it is cjiiite eoin|)atible willi natuml jdieno 
inena, where extremes of hoiit and eoUl exist on contimuds, 
to find ail appmach hi an an:tie winter and a tropieal summer 
in the same latitndes. Tliis will l>e mcjn* fully alluded to in 
citing the north of China as an example* of these extremes 
* James D. Forties, in JohriHton’s * Pliyjiical AllaM.* 
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of tempeiaimo, vhere the themiometer fiilk to I(f and Iff* 
below zero in winter, and the sea ia ftoaen in the Golf of 
Pee-che-lee many miles from the shore ; while in sommer the 
thermometer rises to from 130* to 140* in the sun, and irom 
110’ to 115* in the shade, with palm'trees and hambomt 
flourbihing luxuriantly. It m{nires only an extension of 
tIuH fuel t<* aeiMumt for the glaeial jieriod — that is, a <rolder 
\viitt<*r than now prevails in Europe, and a hotter summer. 
.Such, We contend, exist***! wIk'U the obliquity of the ecliptic 
r<-a«‘h<Hl a <lituinutiun of 30', or six un»! a luilf «Iegn*es greater 
tliuit it i.s now. As-Miuiing tliat the oldiquity hu«l obtained a 
inuxinium of 1.^' at tluj tropii-al I'jss-h, <*n«'-half of the north 
h* iai''|tht iv ami the south also- -n-< piv«*4l the jR*q>endicular 
r.ivs of the Mill, so tliat tile land aii'l the la-a alworls-*! siu;h 
all intense deen-e of heat diirino .six nionlhs of the vi^tr, that 
Mitlii ieiit e.dorie r.kdi.iti'd in the atinosjihere t** prevent any 
.ieeiinml.ition of iee and snow in winter. In all prrdsibilitv 
•in intense hutuidity pn-wiile*!. .such as we find in tro]>i(^I 
latitmhs at the present «l.iy. Hut when the liiinimith'n 
re.iehed dd th<* distribution of heal and cold over high lati- 
tudes Mas r. \ers. d ; only one thinl n-ceived the vertiml rays 
of the sun. while tin otln rJlw<*-thir«l.s wen* subj*H*t to a short 
but N'Vere winter, fn>m the sun Is-ing so much lower at its 
iiieri<iian altitude during that .solstice. At that p**rio*l, also, 
the spring and autumn wen* .scarc*‘ly d*-lin»*d. and the y*‘ar 
W.I.S divided into a hot and eold seiuson, each pndvibly inteus** 
ill degn-i* throughout Kun>]i«>un latitudes .as iu 2^'«^rth (.’hina 
or iu Caiind.i. Puring tin- c»dd sea.son gliu-iers w**n» formed 
mo»* nipidly ami ext*'iisively on thi* Alp.s than at pri'-scnt ; 
and tlu-se woiihl mov** ipiieker, in c*>ns**quenri* of the greater 
heat di.s.soIving them, carrying Uiuldeis ami gntvel along witli 
them. Hence the motuiiMii an* larg**r, the gnioves are de**jH‘r, 
and the .surface of tlio rocks liner |M.>lishe*l by the ancient 
swift -nuiving glaciers, tlian by those tliat now exist, when 
till) hi'ats of summer nr** tein{iered hy the spring, and the 
cold of winter hy the autumn. On tills prinei|)lo there will 
l)u a gradual cooling of summer throughout Europe, and a 
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more genial temperature in winter, m the obliquity of the 
ecliptic diminishes. 

120. lU Duration computed by Rate of Diminution of the. 
Ecliptic , — For the reasons given, we have assumed that the 
glacial period commenced when the obliquity of tbo ecliptic 
diminisheil from its maximum |M>int of 45° to an angle i>f 
30° On the same hypothesis we assume that it contimu'd 
during a further reduction of tire degn'es, until the angle 
reachecl 25°, comprising a j»ericHl of time — computo<l from 
the basis formerly given, of one. tlcgret' in eight thoMsand 
years — c<{uivaleut to 4t*,000 years. It must 1 h' underslofKl, 
however, that there was a gradual approa«‘h to that frigid 
era in EuK»pe. as we find a .slow deptirluiv from it, in the 
existence still of glaciers in Alpine regions, though nut at 
lower altitudes. The term s|aM:ified may In* eonsidercii, 
therefore, its applying to the time during which the glacial 
pericsl existc'd in its gn^atest intensity <if coM, us exempli- 
fie«l by the evidence of .ancient moraines and iNiulders. 

121. The (ibteifd I'erifxl ^j^tiiojuiehett the Founu and Flurn 
of the Tropieai A/«rW*. - At thus stage of our impiity it is im- 
]K>rtant W oWrre that the rigitMUs winti-rs of the glacial 
{reriod elfectually c.xtinguUhe4l ^le tropical vegt'tation and 
animala previou.«ly exi.sting in Euro|H% and hence the great 
diveiHitr of tlie living fauna and flora from the foasil n'mains 
which prove the exi-dence of lluit extinct «j»<srh. Had there 
been no such sudden tniiusition from n torrid to a frighl 
climate, it is just possible that the- iKitany and zoology of 
Europe would have presented genera and species mon* nearly 
allied to those of the tropics than they do. As it is, the 
leading cbaracterisUcs of our indigenous plants and animals 
approach more nearly the arctic types than the tropic. Tliern 
is evidence also to show tliat during the glacial period the 
organic forms of creation in the British Islt^ more (.specially 
in Scotland, partook of an arctic character, and these art* 
gradually disappearing with the present epoch, wltich may 
be appropriately designated the epoch of the tmetrne. 

122. Oeikie on Oeeiogical Time and the Glacial Period . — 
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r)n this head Mr Gaikie, F.]t.S., I>irector of the Goreniment 
(ieulogical Survey orScotland, made some excellent remarks 
ill a loc-ture “ On Geological Time.” He directed attention to 
thf iiK'trt that the present flora of the British Isles was the 
rcHult of a long series of geographical and botanical changes ; 
and that the shells in the seas had gone through a similar 
M*rii'A of (’hangtiS — our present marine fauna showing that 
then; had Is'en great changes in the inhahitanta of the seas 
within a very recent geohigical |H‘riial. Some sfiecies of 
un-tic shells still lingered in the depths of some of our west- 
ern sea-h»i-hs ; and it was dear that at the time Uie arctic 
lb)ra pn-vuiled on the surface of the hind, arctic fauna in- 
hiibiti'd the was ; ainl that, just as the andic fli.ra ha«l been 
driven to the mountains by the inen-asing mildness of the 
eliniiite. Ml the arctic fauna had Isfii driven, by the same 
caUM‘. !.tep by step to tile depths of the s<*as, and there they 
Would die out, just as the on-tio plants would do on the tops 
of the mountains. All these chatigi-s. he sliowed, had taken 
plare within the glacial |H*riiMl. and Jet no shell, so far as 
wtw known, hail Iktoiiic extinct. Fnun other evidence it 
was known that the inten'al which had elapseil since the 
glacial peritsl hail Wen very h»ng. Xow, if so vast a period 
had pnsliiced so little change in the organic world, how 
enormous must Is* the ]N>rio«ls emhmciHl in the. getdogical 
riH'ord. when whoh^ liyiuisties of plants and animals have 
piuoM'd away ! Whatever our theory as to the origin of 
sp4H'ii<«i might lie, we must admit, he argued, that their ex- 
tinction cannot hut W* an extnnnely slow process. Yet 
thousands of s]Hfu;s and genera hail apiieareil and disappeared 
since the iutroiluction of lifc^ and during the {wssing away 
of the ages preseiititl hy the giHilogical record. But that 
geological reconl was confiHieislly ven* imperfect We have 
therefore to deal not mendy wdth the periinls of which it 
contains some memorial, but likewise with those of which no 
iduouiclo remains, lienee intervals of time which were not 
represented in our rocks by sedimentary fossiUferons strata 
might perhaps he even vaster than the time which was so 
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mcoeded. . . . gcidlo(p«al leecwd aflbrdi w> data for 
tiM of ita perioda ill jraao. If, however, 

itoelitaiBed laneea of any great cosmical event, it might Im 
poanUe to arrive at the d^ of such an eveut; fur the 
astsonoBiical periods ireve not vague like those of geolog)** 
hut could be stated in ycaie. It had l<mg been a lielivf 
among thoughtful geologists, that if any accurate data of ihia 
kind weie to be found, it must In.* by Uie laboum of the 
astronomer, rather than the gt>ulogisu 

123. CmelmltHtj Itemariv ou eomfUiUatj 7Vmi*‘. 

— We Imve alreitaly c-Vpiiissed our o|uuii.>n to the sjune eir«*« t. 
Hut only reganling the cumputatiun of giNdtkgical time by 
astronoraicid tveiits, but the appHeatiou geneniUy of pliuiet 
ary phenomeiut to b'rrvstrial g^^ilugv, and, vite i'<nui, tem-.'- 
trial phenomena t** planetary geubigy. In the next l•h^^pt^•r 
litis mu«le *'f testing the valu*- of unr theor) of extended and 
eontracUNl tropics will la* fully exeinplilied by tbe varied 
phenomena of th<* planetary w'a,*«*n.N. Mejinwhile we again 
nTuunnend the a-Ntroiiuinical rate of diminntiou in the oMi- 
<|uity of the eeliptir, which pr<«luees an aunmd obhcrvabb- 
decrease registeml by astronuinens ha a lawis for calculating 
geologictd ttni«\ T<> show tliat a tangibb* formula may be 
arrivtal at. we shall re*luc*’ the avenige tlwrt'ase to an onlin- 
ary degrt**!* of historical time and t«*m*htrijd ettntnudion of tin- 
tropics. This average ntt** of diminution has tixi-d by 
astntnomers at 45 jM-eoiuls of latitude in a century, which is 
equivalent to als>ut half a geiigrapliical mile of contraction in 
the perpemlicttlar rays of the sun towarls the etjuatorial line. 
If we reduce this by British statute measurement it gives a 
diminution of 3080 fijct in 100 yrars, or aljout 30 feet p«*r 
annum. At this rate the deep well at Syeno, in ancient 
Egypt, would no longer lx: illuminahxl at the Ixjttom, for the 
perpendicular rays of the sun have moved 11;} milt's south of 
that city, where Eratostheiu« first measured the -wblth of the 
torrid zone two thousand years ago. Could we trace the 
geolo^cal changes that have occurred during that period, we 
might then compute the time astronomically since the tropi- 
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eal epoch reined in ISniK^ hf en exteMim of tibe taiid 
lone to the li^tiide^l<oiidoi),orevttto the Shetiend Idee, 
when foeeil mndm of tiopteel Tegetatum lod aatnib «n 
found'-eay in 60* N. lehi whm the nm’e nqre'm^t hate 
been }K>q)«ndicttliir 290,400 yeen ego, Thai meh a pheno- 
menon was not impoenble will be seen in the planetaiy eri- 
delta* of ercu greater extension of the tropics illnstiated in 
the next chapter. 
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Moreover, there are bright appeanuneee about the polea of 
Man nrhich Henehel aaciibea to the reflection of light from 
mountains of ice and enow accumulated in those regions. 
“ The analogy between Man and the earth,” he remarks, '* is 
by far the greatest in the whole solar system. Their diurnal 
motion is neariy the same, the obliquity of their res{>ectivo 
ecliptics not very diiferent ; of all the superior planets the 
distance of Man from the sun is by far the nearest alike to 
that of the earth; nor will the length of the martial year 
appear very diflerent from what we enjoy when comimred to 
the surprising duntion at the yean of Jupiter, tSatum, and 
the Ueuigium Sidus (now named Uranus). If we then timl 
that the globe we inhabit has its {tolar region frozen and 
covered with mountains of ice and snow, tlwt only {lartly 
melt when alternately exposed to the sun, I may well Im« 
{>ermitted to surmise that the same causes may pri>lmbly have 
tile some effect on tiie glolie of Mars ; that the bright ]H>]ar 
qiots are owing to the vivid reflection of light from fit>ten 
r^ions, and that the reduction of those s|}ois is to be sscriljeil 
to their living exfxised to the sun.” 

129. The Fail and Thaw of Show seen in the /War Reijutn 
of Man, and the Ertretnee of Heat and Cold very decidetl. 
— Recent observations of this most interesting planet couiinn 
the views of Henehel and earlier sstronomem; and as the 
instruments in obserN'atories are becoming more powerful and 
p^ect, we may look forward to fresh discoveries regarding 
tile planetary seasons. Of the latest, M. UuUlomin furnishes 
a concise account in his admirable work on jiopular astro- 
nomy, entitled ' The Heavens,’ in which he has the following 
remarks on the seasons of Man: — ‘'Thus, from the earth 
we can watch the formation of the {lolar ice, and the fall and 
thaw of the snows on the surface of a neighbouring {ilanct ; 
in * word, all the vidssitudes of heat and cold which disUn- 
goisb the seasons of winter and spring, autumn and winter. 
Th^ saccesston of these changes is now so well established, 
tint astronomen can {uedict approximately the form, relative 
sise^ and pocition of the northern and southern snow-zones. 
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We have mid that the two white apoto are not of the eame 
extent either doring their leepective winten or siunmeni. 
The enowy cap of the southern hemisphere varies within 
much greater limits tlian that of the opposito pole; it is mneh 
mure extensive during the winter season, and it diminishes 
during the suntmer to such an extent that it does not occupy 
more titan the fifth jioit of the superficies of the snowy spot 
of the northern pole. Tliis difierencQ is easily explained by 
the great inclination of the axis of the planet to the plane of 
its orbit, and by the fact that the southern prde -is turned 
towimls the sun when Mars is nearly at its smallest distance 
from the fitcus uf light and heat. The summer-time, on- the 
other Imnd, uf the northern hemisphere, occurs at the epoch 
of its greatest distanci*. The quantities of heat received by 
tlie glolN* of Mors at these two opposite iioints of its orbit 
vary in the ratio of m'Vcii to five. In truth, these differences 
of tem|)enituri* are partly com]>cnaaled in the course of a 
revolution ; but the extremes of heat and cold are stUl very 
dccidwL” 

130. .4/ors /MMSfstrsan Atmm/Jtfre. atu! it* CUnuiie ig «ub- 
jrct to Terrific Stomu ami Hurricanrt . — “ AVehave seen that 
Mars presents the most curious analogies with the earth ; and 
it is proliablu that to tlie inhabitants of Venus our planet 
presents the same ap])earanees tlmt Mars does to us. Like 
the {Hdes of Mars, the pules of the earth ate covered with 
snow and ice : it is also our southern pole that is most firost- 
liound, and for the same astronomical reasons, by the congela- 
tion of the aqueous vapour. Lastly, the points of greatest 
cold on Mars, as on the eoitli, do not coincide with the polos 
of rotation. ... If snow falls in Mars, it is because water is 
there evaporated by heat ; hence, the water must be spread 
on the surface under the form of clouds, whidi oondenae 
sometimes in a liquid state in tlie form of rain, sometimet aa 
snowy crystallizations Thus Mars certainly possesses an 
atmbsphere of aqueous vapour. But we ^ too dwtiiiptly 
the prominent spots of the diao, not to he eotshi an 
atmosphere analogous to our own, the piessuie of which, by 
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cotinterbalancing tho exiwnsiou of the aqiu'ous vnpour, pn*- 
vents it from usurping all tlu* surltu'o. Wo hav«* uln*aity 
saiil that the* mon* luminous lK,>iAU*r!« of th*‘ tliso allow us ti» 
infer the existenoo of a cloml-lwaring ntmosplieiv, which 
e&ces by its brightness the ilark sjxits when tho rotation 
brings them towartis the limb. The meteorology of Mars is, 
then, a gn'al extent kni*wn. It prt'si’nta, wo rt*|»'at, the 
greate.Ht analtigies with the metet)n»li>gy of onr earth. Ihit at 
the same time notable •litfenmees distinguish them. A.s 
IVofeesnw Philli|vs has n'lnarkeil. the eonsidemble itcritMlind 
exchange of inoisturi' which is made Wtween the two hemis- 
pheres, especially K*tween the two |Miles, must give riso to 
hurricanes and storms, of the violence i»f which we can form 
no idea ; while the melting of Ute .sixows over such large ar«*as 
must prwluce terrihh- inundations.” 

131. itf Shirs ib'uhlt’ ihf DumtioH of i>urs. “We 

have aevn that Mars tuni.s on it.s axis in alsmt ‘ill hours, 
'rhusthe duration of ita moveiuent of rotation exceols that of 
our siden^ dayhy 41 iniiiute.H. Mars .-iccomplishcs an entire 
revolution round the .*<un in f*H7 of onr teiT<*.«trial <lays. IJnt 
the year of Mars only cont.’iiii.s OfiOj of its own sitleriMl days ; 
and aa the niibds-r of ladnr days is always less hy one than 
that <»f the n«tations, the y«ir tif Mars in reality is coin]>os4‘d 
of of its own wilar <lays. which gives, for the dumtioii 

of one of those fl-iy.-, 24 hours, 39 minutets, 3.5 H«*conds. 
Thus a whole flay of Mars exree«ls ono of fair <lays hy 39 
minutf's 35 sccf.mls. llie difference w md very js-n-eptihle. 
Ilcmdea, the. inclination of the axis r»f ndatioii to the plane of 
the ecliptic i.s n>'4irly the »ame as that of the axis of the 
earth. It billows that in the course of a year .Mars presents 
ita various region* to the snn nearly like onr glols*. so that 
the length of the <!ay* ami nights, in the «liffrrent latitmles, 
i.H distrihnteri in the aame manner, Tlie extreme zones, 
torrid and frigid, an; a little inoru extemicvl, pro|sirtionally, 
whiph consequently refhices the surface, of the t<'m|s*ratc 
zone*. But it must not Is; forgritUm tlial this i* a fav*tiimhlo 
circumstance, at least for the tropical regions, since the isdar 
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an<l licat arrive at the planet with nn intensity much 
le«M than on our ^IoIm!. llvtwecn IMant and the earth, how- 
ever, there ih tin iin[Hirtant distinction, and it H<ja in the 
•iifferenee Ix’tween the terrestrijd ami martial fscaaono. In 
the nortiiern hemisphere of the pluuet, the 6G8 days of its 
year an* divided iw follows : - spring lasts 191 days 8 hours, 
summer IMI days, autumn 149 days 8 hours, and winter 147 
days. )>ut the summer sejisfins of the northern hemisphere 
an* the winter waisons of the wmthem hemisphere, whence it 
follows that the spring and suiiimer, taken U*gether, last 76 days 
longer in the northern hemisphere than in the southern one." * 
132. S>‘a«oiuof Saturn >>f thirty timejt hmyt-r Duration than 
oMrs.--ln that e.\traor<Iinar>' planet, Saturn, astronomers 
have ns«‘crtained the iiu^lnation of its axis to W 26° 49', or 
leiss than that of Mars and gn'aU-r than that of the earth. 



*' (Iwing to the eonsiderahle inclination of the axis to the 
]>Innu of the orhit, Saturn prosemts to the sun sometimes one 
and sometiuu^ the other of its pohw of rotation. For the 
* ‘ Hie Ileaveni.' By A. UuiUeaiin. 
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same place on its surfai'e, the altituJe of the son alMive the 
horizon is still more voriuMo than on the earth ; hut if we 
wish to form an idea of the elutn^e of tein])enituro due to 
this eaust^ it is im|H.>rtaiit to n-iuork that the altitude of 
which we sjx'ak varies Uurty times less mpidly than with us. 
Each of s^aturn’s si^aikuis lusts more than seven of our years, 
ami there is lu-airly tiftwri years’ interval K'tween the autumn 
and .sj*ring cspunoxes, and Iwtwtvn the summer and winter 
solstii m But we should have hut an incomplete itlm of the 
phenomena presente»l V>y the days, nights, and »>ea.<»ons of 
.Saturn, if we did not hike int<* aeciutnt the miHlifteations 
protlucetl in thessc elements hy the existence of the annular 
apjwiulages hy which this magnificent planet is surrounded, 
and hy the pnwnce I'li the horiz^i of the eight satellitc.s 
which e8»'f»rt it in it-* long r»-v<dution of tliirtv vears.’’ * 

lli3. luflinaiinn of in IVium. — AltIu)U)^li IIh* 

}n>?atrr inclination of ihc axis o( mtation in Mars ainl *Saturn 
;&4 rv't'S to il!u>tratc tlu- variability c»f the [>n'Si*nU<l 1»y 

each t, still aro not .sulltricnt to furnish data for 

concluding that the Irojucal /one mi^dit extend to inhhlh* 
I.ititud' S. This fa<’t is fully ih^monstrated in the very eon- 
siflrrddo inclination of the axis of rotation in the jdainl 
Venus. Accontinj^ to L<Hkycr, this is romputcMl to 1 m* 
40"' or n**arly *2h time,** that of the «*urih. Other iwtrono- 
mer4 consider it to he mufdi j(reat«rr, Jis r«'|»resenUMl hy M. 
Chnllemin in a diagram of the {d.met, here (opieil. On tliis 
jsiint he remarks, that “the nearly circular form of its orhii 
gives a n»‘arly e<jual length to the fonv siniHons, and the light 
and tin? heat of the sun am distributed with u like constancy. 
But that which establishes a marked fliffcrence l>ctween the 
terrestrial seasmis and climates, and those f)f the planet we 
are exploring, is the great inclination of the axis of rotation 
to the plane of its orliit. Fig. 7 shows the position of the 
planet at one of its solstices, at the commencement of the 
sunfmer of the* hemisphere which presents its pole to thf5 sun. 
At the winter solstice Venus occupies a diametrically opposite 
* * The Heavens/ By A. Guilleuiin. 
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p<iHition. It follows tliat the polar n^ons undeigo alter- 
iiiitely the torriil t«>ini)craturo of summer and the prolonged 
cold of winU*r. At the e<]uator, the sun tlien hardly rises 
nliovc the horizon. Towards the cqninoxt^ on the contrary, 
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tlu*/cgiiins nearcKt tin* e«|U:»tor an‘ exjx*s<**l to the heat of the 
Min. tin* inli'iisity of which is nearly ihmMe the intensity of 
the Solar heat on our glols*. Perhaps a very dfns4'. cloudy 
atmosphere, ^•onstantly chaigi'd with va|>oiirs arising fn>m tho 
lu-at, envelops the glolv of Venus, ami thus uu-Mlemtes the 
rigour of its opposite seasons. A fart which give.s t<» this 
hypoth esis a certain ilegnv of truth, Is the oh-n-mition of the 
tmnsit t»f Venu.s over the .sun in 17C1. when a nebulous ring 
seeine«l to surround tho black iHsc of tho Isxly.” 

Idl. Aitifh’ eoiupHtfd at atumt ru*’. — “Venus, the most 
iM-autiful object in the hoavems, is alsuit 7700 English miles 
in diameter, and jdaeed at the distance of sixty-tu’ght milliona 
of miles from the sun. Although the oscillations of thi.s 
planet are coiisidenibly gr»*ater than tluwe of J[en!ur 3 *, and 
aho is seldom invisible, yet, on account of the uniform bril- 
liancy of her ilisc, it is extremely dillicult to ascertain the 
p<Tio«l of her rotation. Dominic Cassini, after having long 
fruitlcasly attempted to discover any object on her auriace so 
well dehned as to enable him to follow its motions, at length, 
in 1G67, perceived a bright part, distant from the southern 
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Ikffim a little mcnte than a fourth paii of the diwiatOT of the 
due, and near the eaetem edge. Ity continuing m obecrva- 
Uons on this spot, Cassini conrlmltHl the rotation of Venus 
to be performed in about 23 hottis . . . The question of tho 
rotation of Venus was finally settlwl by S«'hrtR'ter, who found 
it to be perfomieil in about 23 hours. 21 minutes, 19 seconds. 
Each of the oWrt'eis fi>tind the iiU'Hnation of tho axis of 
rotation to the axis of the ecliptic to Ik* very ri>iuudeniblc. 
Subse«{uent olaservatiuns have ltxe«l the angle of incliimtion at 
49” US', and thcrw is rvas<.>n U* doubt the value of this element." 

IS.’V. Muuntnin^ of ijrt at fleujhi at Suuth Puh'. — “.S<‘hnHv- 
tor’s ol««*rvatiHn8 on this planet were princijMilly diit'ct<sl U> a 
mountain situate*! near the southern horn. The line which 
joins the extreinitU'S of the horns is olwiiys a diameter ; and 
tho horns of the crescent of a |>erfe»'t spher** ought to Im» shnr|> 
and pointe*!. SchrvM>ter remarkid that this was not always 
the case with reganl to tho lionis of Mercury ami Vemis. 
The northern horn of tho latter always presenUMl the jMiiplc*! 
form, but the soutlicra oecasiimally np]>ear«Hl ^lundcd or olw 
tU8e-~a circumstance which iudicate<i that the shadow of a 
mountain covered the part;" while “he nuuarked a luminous 
p<nnt, which he supposcsl to lie the sunimit of another nionn- 
t(un, illuminate*! by the sun after he hml cens«rd to Is* visible to 
the rest of that hemi-sphere.” • 

13fi, Ef/uljun'ge of Ventot reroJeimj in SjHirc ifrpatlif tltJi’ 
turbetl. — Fn>tn these oW^rvations of this inb-resting plam-t 
we hsini tliat there are mountains of conspicuous elevation on 
its surface, and of such enormous magnitude in pmportion to 
its spherical dimensions that they enable our astronomers to 
determine the periml of its revolution. And what is w«»rthy 
of remark, this prominent protulH'rance of land is situate*! 
in the south hemisphere of Venus, without any apparent 
equivalent in its northern hemisphere ; showing a dispropor- 
tion in the continental masses of tliat planet similar to, if not 
greater than, what exists on the earth. It is also obsi'ri'ablo 
that this preponderance is in the opposite hemisphere to what 
• Art ''Astronomy,” 'Encyclopedia Britannica.’ 
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is foatwl uiu^:0ta pknet Nevertheless, the ssme lew pie* 
vails, and #e can conceive that if the first volcanic forces 
in the interior of the earth vrete directed to South America 
inateod of its northern sister, besides Asia and Europe, the 
counterbalancing power would have been the reverse to what 
it is, and the same aa in Venus. looking, therefore, at this 
lM>uutifuI object in the heavens through a {towcrful telescope, 
We M>e a gli*lie poised in space, but thn^wn out of its criuili* 
briuui, )M‘twceu the axis of rotation and the plane of its orbit, 
to an extent more Ihain twice the displacement of the earth's 
ecli|tti(<; cnn.<M-<iuently, the ditferences of her days and seasons 
imiftt Ih* very great. 

137. .t/crcMcy /om ftnnpnmttvf-hj tlm high^tt Mottniain* in 
ih^ I'lnnftartj Synt'-m . — In like manner, it hais been <liscovererl 
that the {danet Mercuiy exhibits phenomena of a similar 
n.-ittm‘, thereby supporting the the^jiy of an extended torrid 
r.oni’ having <it one time prevailed on the earth ; only that 
fmm jdiysical causes, the. oltscrvations are not so determinate 
as tluiw! of the planet Vemis. “Mercury is shout 3140 
Kiiglish miles in diiuneter, and his mean distance from the 
sun alsMit thirty-seven millions of milea On account of his 
smallness and brilliuncr, it is extremely difficult to find any 
s]M>t on his disc so distinctly mnrkeil ns to afford the means 
of dctemiining his mtation. Jlcsides, by reason of his prox- 
imity to the sun, an olis<'rvation of a spot, if ma<le in the 
evening, can scarcely be well Iwgun l»efore the planet sets; 
or, if in the morning; before the increasing twilight renders 
the spot inviKilde. Hence it is only p<»8siblo to observe daily 
a very small arc of a small cirHIe ; and if tlto s]x)t reappears 
on the sucreo<Hng day, it is doubtful whether the arc it has 
passed over exhibits the whole motion, or if one or more cir- 
cuinfi>rence.H ought to Iki addetl. lly an attentive observation 
of the variations of the pliases of Mercury, Schroeter has, 
however, romarkwi that ho revolves aliout hia axis iu the 
space of 24 hours, 5 minutes, 30 sccomls. M. Hanling^dis- 
e»»vere«l in 1801 an olaicuro streak on the southern hemis- 
phere of tlM‘ planet, the observations of which, together with 
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tlwge of a afiot diaeoreied by 8vlin>«tsr.gav« th« samo j)**!!-**! 

TototioiL'' * Fidbi the nttUis of that oniMnt Mtruuoin«T‘>« 
x«8«Atcbea on Mmury vm aUo leant that hie equator, like 
that of Venue, “ is very cunaklembly inclimnl to his orhit, nixl 
the difference of his days and st>asoits must conmniueiitly Im* 
very great and th«<re are mountains on his surfaci' whirh 
cast very long slnidowa, and of which the height l*eais a 
greater |>n>|N>rtion to the diameter of the {danet than thoso of 
the eartli, the m<iN>n, or even at Venus, lire height of ChindHt- 
rtuo is •nf'j'r of the radius of the earth ; one of the mountniiis 
in the moon l»as been estimatwl at j J ^ of her radius ; the high- 
est in Venus at ^ ; and one in Mercury at j J j. The highest 

inountaiiLs an; in the southern lieini.sj»heiv, whieh is also the 
Ciuse in rvs|H'^ct of Venus. There are no olwervations to prove 
decisively whether Mercury is surroundtHl hy an .'»tmo.sj»here.”t 
13 j *. OuilhmtH <’H Phtiiftary /'Aeno;neH/f. ~ On the recent 
observations and conjeetim^ on the |>hy.sieal eonslitntion of 
this planet, M. tluillemhi has the following it'Uiark.s and 
data ; — “ We now know tlie movement of Mert'ury round the 
sun, the time of its ix^volution, its distanees from the s\in and 
the earth, and, lastly, its dimensions in diameter, in surface, 
and in volume. It only remains now to sjH*ak of what i» 
known of its physical condition. The facts that seiene<,* lias 
succeeded in gathering on this ctirious and im]Hirtanl point 
of the nionography of the planets ought U< pn-.sent a li\ ely 
interf;st to us all, by reason of the likenoas or contrast whieh 
each of these worMs posscfsses b* «nir own. The manner in 
which light and heat arc distributed on the surfaces of the 
pkinetary bodies ; the succession of their ilays, nights, and 
M^)n8 ; the existence or the want of an atnoisphcro like 
ours ; lastly, the surface-markings that the telescope has ]H>r- 
luittcd ta to observe on their surfaces, — are so many valuable 
particulars which enable us to make the meat prolable con- 
jectures on the organisation of the living lieings which iloubt- 
-less people them. Supported by such positive data, imagina- 
-tion can then boldly launch into the field of conjecture. 

* Art. “ Astronomy, ” * EncyclopiDdia Britannica.’ f llild. 
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139. Mercury reethe* Heat and Light from the Sun eeten 
Timea more intcme than the Earth . — “The mteiudty of the 
li^ht which Mervuiy teceiviHi from the sun, at ita mean die- 
tJiiiff, ia nearly seven times as great as that with which oor 
gliilM! ia ilhiiiunated under the same cemditions of distance. 
It is not then siiqirising that the oncie-nts gat'e Mercuiy the 
••pithet of ‘Twinkler.’ 'Fliis is not all. The laws governing 
Die ]>ro]Nig»tinn of iwliunt heat an; the same as those of light. 
Mereury then receives seven times more heat tlian the cartli, 
or, more pMperly, a heat the int4‘nsity of which is in the m(‘an 
seven times u.s great. To judge hy the impression which the 
light-riys make on our eyes, seeing that w'e cannot Iwar their 
da/./.ling brightness without isiin, and, again, hy that which 
they make on our Issiy when it is subject to their influence, 
the inluibitants of Mercury should Is* exceeiHngly uncomfort- 
abh*. But are they fonneil like us? anil have their senses 
the same dcgn*e of impressionability? We know not. 
^'uriation.s of temp«>nitun* an* also disagreeable to us. In 
this msiHH't, apiiii, we mu.st own that the inhalu'tants of 
Men-uiy have mon* to .suffer tlian we. Owing to th<* planet’s 
elongated or?>it, we have m-eii that ik sometimes n’cedcs from, 
and sometimes approaches, the sun, and that tho difference 
iN'tween the extreme di.stances amounts to fllleen millions of 
mile.s. So that whilst at ajihelion the intensity of the lumi- 
nous and heat-rays is no more than four times and a-hiUf that 
of the rays ivceivwl hy tho earth ; at perihelion, on the cc»n- 
tmrj', it rises to more than ten times the same quantity. 
I.astly, and this adds stjll more to tho contrasts of temiiem- 
tuns the variations occur in a perioil of time less than a 
(puirtcr of one of our terrestrial years. Presently wo shall 
sei* that the seasons present still greater anomalies. 

l ltf. Ha Claima to an Atmoaphere not fully determined . — 
“ We must not foigot, however, that one circumstance may 
miHlify all this to an extent suflicient to render the conditions 
of vogctalile and animal life in Mercury either similar b> our 
own, or more diflerent still This circumstance is the exist- 
ence or absence of a gaseous or vaporous envelope — in a woni, 
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of an atmospheie. Has Mereuiy then an aimoapherc t Ac- 
ccotUng to many astronomer*. Mercury presente<l such an 
appearance in its trausit across the s<»lar diac in 17D9. In- 
atc^l of a black n'und s]sit« |M«rfci;tIy clear and well defined, 
there was K>«n tdl nmn<l the disc <if the planet a circular Ixiiid 
less lunitiious than the n'j<l of the *urfact* of the sun, forming 
a son of nebulous ring. It was tbenee infemnl that then' 
oxistt^l a very high and densw* atnnwpbere. Kiveut olwervera 
have not st'tMt anything like it, Ihit, on the other hand, they 
have renurketl in the pUvVses of the planet, that the line of 
separation of the light and shade, which astr>noiner« call the 
terminator, is never very dcei<l«*«l. so that the lm>adth of the 
luminous \xttt w'emed diminished. * Hence,’ s!»y Ileer and 
Madlcr, ‘ we must conclude that Mercuiy lixs a pretty sen- 
sible atmosphere.* If this W so, we can form an idea of the 
modifications which a wuiu what demw' atmosphere would in- 
duce in the intensity of the light and heah by coin{Miring the 
days when, on our earth, the sky is clear and without clouds — 
when the sun (iorts its rays on the surface without ol»stacle — 
with the dark and didl days when the cliitids completely hide 
him from us. The density of the atmosj»heric envelop**, we 
see, can strikingly change the efTi-cts <if solar radiation. ua 
compare, for instance, the t«‘niiM*mtnm of one *tf our valleys 
with that of the mountain summits which surroiiml it. It is 
like passing frr»m summer to the c<dd of winter- - from the 
burning heat of July to the frost of Nov*fmls‘P ; and yet the 
sun 8hine.s alike on the mountains and <in the valley. Fin- 
ally, the chemical comjiosituui of the atmosphere «»f Mercury, 
the nature of the gas«*8 of which it is fonne<l, and which nro 
perhaps very different from the nitrf»gcn and oxygen of our 
own air, are also featun^s which may influence the climate of 
the planet ; concerning thesti matters we have no data. Let 
us confine ourselves, then, to «lescrihe the astiYJiiomical phe- 
nomena, of which the influence is incontestihle. 

141. No Temjierate fkmone, from He extreme Amjle of Axial 
Inclination. — “ In the first place, let us co«isi«lcr the length of 
the day. Mercury turns on its axis in 24 hours and r>]|| min- 
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nten, ami hw year cnnipriiiea 87} of theoe sidereal rotaUona. 
The muitlier of his solar days in this period is theiefoie 86}, 
whfiii'e ri'sulta as the length of one of them 24 hours mid 54 
secotuls. This is nearly the length of one of our own solar 
(lays, so that the oigaiiised beings of the two planets ba\'e ^e 
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same perimls «»f light and (hirkness, of activity and repose. 
But the relative length of the dal's and nights in the conrso 
of the entire year is much more variable thou on the earth. 
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owing to tlie great ineUoation of the axis of Mercury to the 
plane of its orUt Fig. 8 shows, sm>iUiiig to old observers, 
at what angle Meroiidy presents itself to the sun at the com- 
mencement of each of its seasuns. Very extmtsive son«‘s 
around the pole eiyoy at one tluring their sumiuer, 

continuous tlay ; at aitotin^r, «!ttriiig their winter, they un* 
plunged in potfouiid «larkiH'»s. It is t»nly dtiriiig a slmrt 
|>eriotl, and near th«* planet » »H{uiu{>xes, tluit thtw femes »>«■ 
light and darkness succetal in the interval of the sjtme <lny. 
The glacial and torrid zones are nt>t distinct on Menmry, .uni 
teu 4 >«Tate cliinatos do not exist, or ntther their /ones change 
lUeit chanii'ttT twice during I'ach i>*volution. The (siuatorial 
regions alone have the advantiige of ptsaussing all the year 
day and night, light and tUirknt-ss, and of exjs'riem ing heat 
during the day, ci.>Kl aiul calm during the night. It is tnie, 
however, that if the .sun towanls the ei{uinoX(*s ri.-ws jis far ilh 
the zenith, it tlesceinls m-arly to the hori/.on in the extreme 
seasons. We Imv** sjiid alwve, that U»e «rbit of Mercury is 
very eiongate<l, «.r, in astromiminil language, its eccentricity is 
consideiaUe. It rosults tltat the i»ea8uii.<« in Merct^y are of 
very une<.|ual duration, and seeing that, m-<-ording as we c<m- 
sider the northern or the southern liciuispheivs, the spring 
and the summer of the one are tin? autumn anti winter of the 
other, a like iruyjuality should exist Isjtwcen the extreme 
temperatures of the two hemispheres.” 

142. iHcUuntiotn)/ AxMiiuire titan Tnhle that of thf Earth. 
— The inclination of the axis of rrjtation in Mercury Inis not 
Wn sufficiently deU-rmin«sl to give its true value. It was 
Schroeter, at the end of the last century, who deduce<l the 
inclination given in the duigram, from olsserving some dark 
Itands on its dUc, which he considere<l as an equatorial zone. 
At on approximate calculation the obliquity of the ecliptic in 
^Merenijr is not far short of 75’, which, if it he correct, would 
exceed that of Veniu by one-third, and more than treble tliat 
of tlm earth — an obliquity which would not only subject 
Europe to the influence of a tropical clime, but is equivalent 
to a torrid zone stretching on each side of the equator beyond 
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the present limits of the sieUe and jmtaietie dides on our 
MSith. 

143. Mercury Typical of the Earth during the Trtgneal 
Epoch in Europe.—^ln these two brilliant examples of our 
pianutary syKtem, wc have not only periods of diurnal rota- 
ttuii i:(>rn!S|K>n<Un{; to tliat of our own planet, but obliquities of 
tito ecliptic far uxcctidtng that of the earth at the present 
lime, and txiiisith'mbly iM^yond the hounds of the theory of 
t‘\jHiii.sion and contraction herein expounded, and to which 
wo have attribuUNl our tropical epotdi in Eurape. It has 
Ih-cii suggested that the maximum of the earth's torrid zone 
in that era did not exceed an inclination of 45% while in 
Mercury it is considerwl to be about 75% Here, therefore, 
are data that would justify an extension of the obliquity of 
the earth's e*;liptic atone time to .50* or even 60% which would 
fully arcuunt for the long epx;hs »luring the earlier existence 
of the world, when those monster animals — the iguanu<h>n, 
megalosuurus, mastodon, labyrintliu<lun, ichthyosaurus, ple- 
siosaurus, and their congeners — were brought into being amidst 
a gigantic vegi'tation that amhl have flottoshed only under 
an intensely trapical clime, where now we find their fossil re- 
mains in Uuuperate and even frigid regions. \V1ien we con- 
sider the acute angle at which Menmry rotates in its orbit 
Ttnmd the sun, cx|) 08 ing its cinmniitolar n'gions to a degree of 
heat efpial to, if not greater than wc find in the t«m|tenite 
zones of the. earth, wc cannot imagine these to be regions of 
ice and snow like ours, while wo may easily surmise that the 
midille latitudes liotw«>en the {ndes and the e^juator are sub- 
ject to a heat more intense than that within our tropics. jVn«l 
ns there is evidcnco that Meivniy' is enveloped in an ntiuo- 
sphern supi)«»8(‘d to lie denser than ours, we can understand 
how, in all proltability, that planet is now, over three-fourths 
of its surface, sweltering under tropical heats, that bring forUi 
the monsters of its forests and waters — the giants of its organ- 
ised creation— such os reigned supreme on this earth before 
the advent of the glacial {)eriod. 

1 44. Taldc of the varioue Degrees of Planetary Taelination 
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of Amss . — Let us now glance at the various degrees of inclina- 
tion eacli planet we have described presents between its 
equatorial plane and the plane of its orbit — including that 
of our own planet — commencing at the smallest obliquity. 
According to the latest astronomical calculations these are os 
follows : — 


Jupiter, 

S’* 4' 

0" 

Earth, 

23* 27' ! 

24” 

Satuni, 

26* 49^ 

0” 

Mans, 

28“ 61' 

0” 

Venus, 

49“ 68' 

0” 

Mercury, . 

(0 75“ O' 

0” 


145. Problem involved open to Solution hy onr Theory . — 
In contemplating the planetary sphere from this point of 
view, we fail to pwseive any general law which regulates the 
inclination of the axis of rotation in each planet, in relation 
to its distance from the sun or the perturbations of the 
planets on each other. 'While astronomers have taken the 
greatest pains to observe the phenomena as materially assist- 
ing to unfold the physical constitution of the planets, based 
upon the physical phenomena of our own, they have not 
ventured to account for the great «lisparity l)etweeu the slight 
inclination of Jupiter and the wide displacement of the equa- 
torial planes of Venus and Mercury from the planes of their 
orbits. Hence the subject may be considered an oj)en ques- 
tion, to be dealt with upon geological principles. Here, then, 
we find certain data beaiing ujwn our theory, wliich {)oint to 
some law inherent in each planet, that where the inclination 
is greatest, as in Venus and Mercury, the protuberances of 
the land are highest aliove the sphere of rotation ; and where 
the angle is smallest, as in Jupiter, there is no ol>servable 
elevation above the sphere of revolution, while the low 
degree of density (*0227) suggests a liquid surface on that 
planet. On these data are we not justified in deducing the 
hypothesis tliat the inclination is caused by the internal vol- 
canic forces acting unequally on the external hemisidieros in 
upheaving solid matter! 
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146. Extraordinary Phenomena of Climate and Seoeem in 
the Moon . — ^This view of the general question would be in- 
complete if we omitted to point out the infinitesimal inclina- 
tion of the moon’s axis to the ecliptic, which is determined 
by astronomers at 1° 30' 10", or less tlian half the least in- 
clination of the superior planets. Combining this with the 
lengthy diurnal rotation, annual revolution in its orbit, and 
other phenomena, the climate and seasons of our satellite are 
mure extraordinary tlian those of any of the planets. “ Dur- 
ing about fifteen days the sun pouts his rays without any 
cloudy curtain or aerial current to temper them. To this 
temperature, more intense even than that of our torrid zone, 
succeeds an intense cold, which a night of fifteen days’ length 
renders more glacial than that of our pctlar winters. It is 
true, that during the day the radiation of th5 solar heat into 
space again is not prevented. We must conclude, therefore, 
that the climates of the various regions of the moon have a 
certain analogy with those of our Alpine regions, seeing that 
the depression of the temperature, and the reverberation of 
the intense light there, become insupportable by the con- 
tinuity of their action. There are, properly speaking, no 
seasons in the muon. The slight inclination of its axis of 
rotation nuiintains the sun at a nearly constant inclination 
in each latitude. Itut whilst in the equatorial regions the 
indiaut body scarcely leaves the zenith, at the middle of the 
day, in the polar regions, it scarcely rises above the horizon. 
The polar mountains oqjoy per|>etual day. Cne can under- 
stand, also, that the inclination of the sun to the lunar sur- 
face, variable according to the latitudes, can never have on 
the moon the same importance os on the earth, since the rays, 
whether luminous or calorific, are transmitted directly to the 
surface without having to traverse atmospheric strata of un- 
equal thickness. The revolution of our satellite is effected 
with variable velocity, whilst its movement of rotation is 
uniform. Hence it follows that of 1000 parts of its sut&ce 
669 are visible and 431 constantly hidden from us.”* 

* * The Heavens.* By A. OuiUemin. 

K 
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147. Astronomers have overlooked the importance of Plane- 
tary Variaiiom of Axis . — The variations in the obliquities 
of the planetaty ecliptics are a subject of great interest in our 
researches regarding the laws that control the solar system, 
and one that appears not to have commanded the attention 
of astronomers which its importance dcser^’es. Content with 
the suggestion that these phenomena have arisen from ex- 
ternal perturbations in the planetary system, they have 
ignored all inquiry into the existence of internal action iii 
each planet as the probable cause of this general displacement 
from the jwrpendicular axis of their orbits. If this obliquity 
had been at a uniform angle throughout the planetsiry sphere, 
then we could have supposed that some great general law, 
emanating from the sun by virtue of his attraction, origin- 
ated and controlled it. But when we find the divergemte 
nuiging in round numbers from 3° in Jupiter to 75° in Sler- 
curj', >nth the medium angles of 23° on the earth ami 28° in 
Mats, we are justified in inferring that it supiwrts the theory 
of internal causes for the obliquity of ecliptics generally; the 
result of locid disturliances in the physical condition of 
planets, differing from ordinary celestial perturbations which 
affect their annual rotation round the sun. In the orbital 
disturbances affecting planets, we can understand how they 
may diverge from their accustomed path as they attract each 
other by the way, while rushing through space with tremend- 
ous velocity, singly or in satellite groups. Here all obey the 
central law of gravitation towards the sun, yet susceptible to 
a small degree of each other’s attractive power, and that of 
erratic •comets visiting the fervid heat and light of the 
supreme central globe of fire and gravitation. 

148. The Solar System compared to a Cerdral State and Us 
Provinces . — ^Through the light thrown upon the operations of 
the universal law of gravitation by the immortal Hewton, it 
is comparatively a simple matter to comprehend slight abemir 
tiofts in the planetary manifestations of the principle in- 
volved. It is otherwise, however, when we come to consider 
the disturbing causes that have driven the earth and the 
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other planets from their equilibrium, where aberration from 
a fixed angle of axis is the rule, and uniformity the excep- 
tion. To make a familiar comparison, it might be said that 
the planets represent subsidiary states within the empire of 
the sun, where they arc subject to general laws for the 
mutual conservation of the whole. But each planet, like a 
separate state under a union, has an inherent power within 
itself to form its own laws of self-government, provided they 
are not contmry to the s})irit of the general constitution. 
Thus we may consider that though the earth is oljcdient to 
tlie great luminary from whence it derives all its \utal power, 
if not its primary existence, yet by its internal energy it has 
niised t)ic fabric of its own greatness as the abode of plants 
and animals, w'ithout whicli it wouM have been a fluid 
sphere, with an aeriform envelope, comjwratively inert and 
lifeless. In this sen-sc the general laws are astronomical, and 
the s|)ccial laws geological ; at the same time the latter are 
dej)endent on the former. 

149. Ttif. Phimtary Rnnye of Ohliyuity stipports our Theory 
of Tropical Extetmon to GO®. — Xow’ that we have cited 
planetary examples of tropical zones of wider dimensions than 
our own, and shown that the obliquity of the ecliptic which 
jiroduces this phenomenon on our planet is diminishing, these 
data seem almost suilicient to sustain our inference that the 
tropical regions of the earth extemhal fonnerly into the pre- 
sent tem])cntte zones, even had we no organic fossil remains 
to prove the existence of an extinct tropical fauna and flora. 
But when we combine the astronomical with the geological 
evidences, the case appears almost conclusive. As previ- 
ously observed, the only doubtful point of the question is, to 
what maximum extent the angle of obliquity expanded the 
tropics f We have ventured to place «it at 46°, a paraUd of 
latitude passing through the south of Europe, and 10® bdow 
the central latitudes of the British Isles. Now, as we have 
seen that some of the most gigantic and essentially tropical 
forms of plants and animals are found in the fossiliferous 
rocks of Scotland aa well as England — which Miller so 
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grephically dewribiui — tiiere is good ovidence that the tmpic 
may have reached the highest latitudes of (ireat Britain, even 
to the Shetland Isles, boidering tui the {Miallel of (50' N. 
Coupling these geological evidences with tlie astouioniical 
observations that the planet Mereury pn>l*ably revolves on its 
polar axis at an angle of 75° to tlie plane of its orbit, there is 
nothing contrary' to thu order of nature in the hyiHithesis that 
the earth, during that epoch, had a torrid zone 120° in width, 
or an ohliijuity of 60’ in her ecliptic. This would not only ac- 
count for the wonderful uigaiiic remains in the sutHuidiur}’ and 
tertiary formation.s of geologists, found in northern Eurois', 
but would exteuil the periml of the tntpieal epts-h U» some- 
thing approaching their ealeulalions i>f geological time, taking 
the lUmiuuiton of the oblujuity of the ecliptic as the IkusIs of 
computation. In a former chapter of this division of our 
subject, thi.H diminution was given at the rate i»f one, degn'o 
in eight thousand years, sliowing a lapse of 172,000 years 
since the tropical era existe<l in its inb-nsity in EtiP)]>e. 
Acconling to the Kime computation, with 60“ as the angle of 
obliquity, the lapse of time would Ik^s increased to 292,000 
years. 411 things considered, ami as far as the finite views 
of man can enable him t<» j>enetrate into the infinite realms 
of the pa.st, the actual «rxjmnsion of the torrid zom* prol«dily 
reached the inaxiinuia of CO’, and its dumtion nearly that of 
three thousand centuries, ls‘f<m! it attained the pres»-nt limit of 
23’ 3((', irrespectiv*; of thrs period of its augmentation, or that 
daring which, in all prolaihility, it remuimsl at its maximum. 

130. Speculatirf UuU vinjht urine from the Theory 

of an extewled Tropienl Zone. — lnKte,iil of limiting our com- 
putatioms on this ]>oint of time, tlie H]K‘ctdative philosopher 
might step in here with arguments Uuicd on our tlieoiy 
which would extend tlie primary augmentation of axial in- 
clination on our planet until it reocheil an angle of 90’, 
when the polar regions would exchange places with thu 
equator, altering the circle of the seasona He might point 
to the fossil remains of tropical pltmto in Greenland os only 
to be accounted for in this manner ; and as showing that, if 
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wc could examine the fomiliferoua atnta of the circumpedar 
rcji^ona, it ia poaaihle that similar evidence would be found 
of a tropical climate having once existed there. On the 
other htiiiil, he might account for the remarkable evidence 
tliacoverml by Agibwix in Hntztb that glaciers once dcpositerl 
iNJuMera and nioniinea in Lititudea within the limits of the 
prexciit tropical z«iiie at the aea'level. It might be aigiied, 
if the diMplacement n'liched a right angle, we ciin imagine 
the frigi<lity of tin* winter rn'otton near the equator, when the 
Klin Kcan'C'ly appeared alaive the horizim, caiming the forma' 
Illation cif glaeiers at a comparatively low altitude ; while, at 
the Kaiiie time, the KUintueriK in high latitudes would l<e Kuffi' 
eieiitly hot to Hupjiort tn>pical vegetation. I*uiMHing hia 
KiKTulativo argumenta further, he might hold that there 
was no evidenee t4i the contmrv why the earth having 
n>arhe<l its culminating degree of axial iiu-liiuttion at 90°, the 
Kiimo forced w’liich set it in motion, continuing their motive 
jKiwer, drove the iiortli jKiIar axis lieyond the e<piatoriaI 
plane into the Kuiitheni celestial hemisjihere until the ter- 
n'dtrial hemidjihen's were ultimately reversi'sl in ndation to 
the planetary plane of the ecliptic. that if sentient 

beings livwl on the Itritisb Irie-s in those ages, they would 
have ladield in the heavens the constellation of the Southern 
(’road nlwve the horizon where now the (.iivat IJear is in tlie 
ascendant. In sup]Mirt of this extension of the tropic inUithe 
ari'tic ix'gioiis, the s|H!cuIutivu philosopher might fiiui astivmo' 
mical evidence in the extivinc inclination assignwl by living 
lustronomers to the axis of the jdniiet Vnmus. Acconliug to 
Ixa’kyer, as given in his translation of ‘'flie Heavens,’ by 
(juilleiuiii, this is represiuited ns Indiig (hpial to a right angle 
of displacement Hence it may be aigutnl, that instead of 
the (‘nrth diininishiiig its tropical zone by contraction of a 
iiuiximum extension, it is {Kvssible that it is making a revo- 
lution from the zenith to the nadir of the celestial sphere. 
And if we can bring ibis hy|H>thesis to Iwair upon the la*v of 
univcranl gravitation, or us being in nccoixlance with the laws 
that nde the movements of the heavenly bodies, we can 
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eraicMTe that the earth may have reveieed its pdar axis 
duriag tile great geological epocha Alao that the disparity 
m the indination of the planetary axes may be accounted for 
by tile different stages they have arrived at in polar rotatiM, 
acconling to a law perhaps as universal as those laws which 
regulite their axial and orbital nUation. As the annual 
rotation in to the earth takes 365 times longer to 

perform its einmit titan the time arcoinplishod by a tliumnl 
revoluti»>n, st' miglit there K* a ptilur mbition having a 
iK'umllvss sjHice of time f»»r its nn«>hitions, in which the 
ejHtehs of tlie ge*»K»gioid rveonl tleserilHi the vtist circle of its 
s<>:is»>iis — a c;irl»>nifcrous spring, an ettct'ne summer, a pliocem* 
autumn, and a glacial winter. Thus computing the mb* at 
one degree in eight thousitnd years— .a.s given by asirtmoniers 
to the tUminution of the troi*ical zone— it wouM take 2,S,'<0,()00 
ye.irs to make one complete polar reV'>lution. Hen* is a spec- 
ulative biwis of caleitlating ge<ilogical time that miglit serve 
to clear tip, by :i>tronoiniial ealeulatioUf., all the inexplicable 
phenomena of t>e<iiniciitarv deposits, tnipieul and frigitl e|KMdts, 
origin and extinction of sj».-cics, and tlie numerous uiiex- 
plaintsl anomalie.s of geology. 

151. CumvlK preftrnt no inilii’oliuim of jnjttM'iwiinj 
Axp« of ItotfilioH . — Tliere yet remain.s :i class of eelestial 
Isnlies iHdongiiig to the sttlar system to Ik; noticed, whieh, as 
far as human krifovliMlge goes, are exceptional rut ri'ganls the 
law »if fixrsl axial itit'it !< >ii. 'Jlie-se are, e.4>met8, whose errutin 
movennatts ami eccentric orbits have hitherto Itiiifled astrontz- 
mers to assign to rleterminate laws, in n;ferring to them 
briefly it is not necessaiy to enkr into tlie (ptestions as tit 
the proltahh* nature of cometary substanee, or the cause of 
their wondrous luminous tails that from time to time il- 
luminate the heavens in their transit fntm the realms of 
outer darkness into the fervid heat and light of the sun. 
Suffice it to say, that asttfznomers agree that, in the largest 
comdB observed, each has a nucleus more brilliant than its 
snrroundings, w’hich, if stripperl from it, would in all proba- 
bility present a spherical disc having the ordinary aspect of 
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tho superior planets, vaiying like them in rise and degree of 
brilliancy. Of these nuclei, the most remackabb of which 
we have any authentic edentific description b that of the 
celebrated comet of 1680, figured in l4paionnier's 'Histoire 
(’elcMte.' llie figure given there exhibits a nudeus or disc 
of a {H'rffctly spherical form, an seen through a telescope. 
This disc is surrounded by what was concluded to be a 
cometic ntnumphere. Ahnve that was a sort of ring,*wider 
ut tho summit and narrriwor triwards the sidea. “ A coma 
or Is-arl succockIs tho ring, and lastly an immense train of 
luminous mattor, wuuowhat lc.s3 vivid than the nucleus.”* 
Now, it must obsun'isi, tlmt although the bright centre in 
a comet prx*s«Mits the densest portion of its sulmUince, yet it 
is stiihsl on the l»ost authority, that ‘‘the real nucleus has 
probably never U*ejj id»wrve«| l,y any astronomer.” t IJe that 
as it iiiav, the mu loi — whatever mav Iw the nature of their 
substam ti — pn".>smt a more porfeetly spherical fonn than any 
of Uie planets ; but, in eoii.se<{Uence of the luminosity of the 
mriiitHl siiltstance considerrsl to lie their atmospheres, no 
astronomer ha.s yet liceii able to ol>«*rve any evidence of a 
comet |Missi*.isiug a fixed axis of revolution. In the absence 
of any fiositivo daUi <in thi.s ]Hnnt, it may l>e advanced with 
scientific probability, tliat it is probably in consequence of 
not yet having .acipiired this law, that these erratic members 
of the .solar system an' so eccentric in their orbits. (.)n the 
other hand, it may Im) .said tliat the fixed law of axial revo- 
lution in tho planets pniltiihly forms the basis of tlieir concen- 
tric orbitiil rotation. Without this api'anintly sultsidiaiy 
rotatory imdion it is just {lossible that tho su]>erior rotation 
of a jdanet round tho sun would otherwise approximate in 
wcentricity to tho orbits of the comets. We have elsewhere 
startfsl a siipposititums case of what Uie conae<iuences would 
Ih! if the earth was a ]>erfect sphere, etpial in density at all 
points of latitmle and longitude on its surface and in ratio 
of prt'ssurc towanU the centre, when in all probability piero 
would bo no fixed axis of rotation at the polos, and the 
* Art. “Astmaomy,” ‘ EitcydoitaMlU Britannica.' t Ibid. 
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vodd revolve without any dotenninats ai^le of diur* 
nal revolution- in its annual rotation, like a bUliard-hoU or a 
loaod-ehot, turning over in all iliriH'tions though maintaining 
its line of projectile motion. On this hy}KiUuwia may not tlio 
comets lly off at a tangent beyoiMl the planetary spheres be- 
cause they have no hxetl axes uf revolution U) kt-cp them 
within a concentric orbit) 'flm hypothesis of a very |)er- 
plexing question in astronomy utar be exemplilied in a 
popular manner by comiMuing a planet to a whip-top, which 
revolves within a circiuuscribetl s[>}iere as long ns it is kept 
in motion by flagellation ; while the et>inet may l»o eonnHinsl 
to a boy’s marble, which, if whip{Hsl in the same manner, 
would r»*U over aiitl over in a stmight line, or might 1*0 more 
correctly dew'rilHHl as jwrfonuing a ])uralH>lic eiirt'C in its on- 
ward progress. 

152. Voneludinfj Henmrl>\> f>n //„• JH^t'rnire Mtret n inirrmil 
and external Prrturlnitittin< iti the Planetary Sphere . — From 
what has been said conreming the deviation rtf the heavenly 
bo«lie8 from a univerwil nnifonnity of revolution, we may with 
scientific propriety cf>nelutle that, as a rule, the pristine or 
normal condition of a planet revolving in its diunud motion 
would give the angle f»f the axis of rotation at a right angle 
to the plane of its orldt, with which the equatorial jdano 
would coincide. This may lai considensl as a necessary 
result of the universal law <»f gravitation where its primary 
influence has not Vsicn fliaturl»e»l by secondary agencif'S. Any 
deviation from that fundamental principle of rotation is an 
exception to the rule, and miist arise fnun the attractive 
power of planetary borlies on each other, f)r, os we have sug- 
gested, the action of the internal forces of c-ach individual 
planet on itselfl In the former case, we have evidence of 
perturbations causing the eccentricity of their orbits from the 
form of a perfect circle, and disjdacement of the planes of 
these orbits from that of the ecliptic ; and, in the latter 
instance, internal forces affecting their etpiilibrium so as to 
incline their axes at various angles from the axes of their 
orbits. Here arc, therefore, two distinct modes of displace- 



inwl from the Qflnml raotewe^ ^ pllUll ^ 
Hxten»l,endoneftomint4Nrnil<!itlMl. Tht^OtliMltDnJnfl 
appeen to us very simple, and require* no (nnfonnd know- 
l(^((e to understand, once it i* admitted that the foren pn>- 
ducitl inU-mally by heat exert an influence on the gcneml 
iiiotinn of a planet Hitherto such an element haa not 
entere*! into the calculations of geometers, consequently we 
have no mathematical data to prove or disprove the hyfio- 
thesis. We venture to hope that the subject may command 
the attention of those who are Iwtter able to furnish a satis- 
factory solution than we ran lay claim to ; and, whatever Is* 
the result, we shall Iw satisfnal with having pointol out the 
|ir<iblera to be 8olve<L 
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lutnxlurtory rvmarkj* oti tliU prai tical branch of the 153. — Dire*'! 

or .HfOoudar)' caunes that ]*nvlui*e the seasons projverlv dclinod, 154. — Am- 
trvmoiiiica] definititni of the ap|<in*ut cause of the seas^ms, 155. - Fatuiliar 
iUu-'»tratu>tt of Aj>|*arvnt motion, lfe>. — Astronoinic.al dt^oription and di.i- 
gmni of the seasons, 157. — Ihiiiinulion »»f obliquity oierlooketl Ijy writer* 
on the subject, 158. — Popular nunarks roncerninj: chan>;e> in the M»as*»nH, 
159.— Hypothesis of obliquity of tho ecliptic n»)t comduMive, pkK- “This 
astronomical problem ojwn to sulutnm by nwdojfy, Idl.-^The <iue»tion of 
diaplaceriietit cotwitlertrcl a'ttroiKoiiically, ld2. — tfcohigical inferenccM may 
be In hannoiiy with a>troi)omt<'al truths, IfVh -Practical Koliith>n of IhiM 
question a niattt»rof juihlii iinjKo-taiiec, 164. — Popular division of tho four 
fteasons in the alrnanatts, 1*h $. — Cleueral characteriMtic.s of the .seawins and 
calendar months, IW . — Anthjuity of the study has not oxhau.stiMl the 
Rubje« t, 167. — P«X'ti«'al fancies of happy lamia where peq»etnal Huininer 
reigns, 16S.— The sea,v»ns, tbeir fauna and flora the roMult of coiitnicted 
energy, 169. —Natural histf>ry of this e|K»rh the nuwt |M?rfe< t in htnn ture, 
170.~-The seaaou«s evidently of coinpaiatively re«?erit geological origin, 171. 

l.’iS. Introtlnciory Remarks on thin 2>roctic<il liranch of 
the Subject. — From the nv'tlms of conjocture ami the lifelewi 
A'eatiges of the worM’.^j past organic history, we now come h> 
an epoch of living evidences of its progress, full of animation 
and stirring events, when man first appeared f>n the stage of 
life ; a periml which may be appropriately termed the ejtot'h 
of the sewuiM. In reviewing the preemling opmihs thrr>itgh 
the dim and imperfect records of the jmst, as revealed hy 
geology and astronomy, it is a continual groping in the dark 
to reach the smallest approximation to truth. Kow, tinder 
the penetrating beams of the great luminary tluit vivifies the 



planetary system, we behold the minutest changes in the 
external condition of our planet, from which we may deduce 
the secondary causes and effects that inaugurated the won- 
drous phenomena which physical geography lays open to us 
in the book of nature. But in appreciating the evidences of 
the present em and its origin, we must not disparage the ves- 
tigi's of the past. Altliuugh the dumb witnesses of fossil 
geology ait} not so numerous and convincing in their evidence 
ns thoM! which the existing organic and inorganic worlds 
unfold, yet they should Ijc valued acconlingly, as tluf prcigeui- 
tors and tyiics of living plants and animals, and the founda- 
tion of the fertile M>ii they inimbit. Like the «len<I languages 
— without which the living tongue.s of KiirojM,* would have had 
no utterance — these strange natural hientglyphics <tn stnititied 
pwks comprise the classics of geology, in which we rea«l coii- 
ceniing the origin of the sciisons jis we now experience them. 
At the siinie time, ns the dcvelopinent of the attendant 
phenomena was gradual, it will 1 h» ne«-css)iry to refer briefly 
to the immediate causes of tlie st‘asons, :is demonstrated h 
astrononiers, in onler hi uiidcrsUiiul moix* clearly the changes 
which the climate of Eurr>iH* ha-s nndeigone since the tnipieal 
epiK-h ; or, «u‘conling to our thcon*, during tin* diminution of 
the tropical zones hi their present limits. 

1<'>4. or Hreoutlary Come* fhr tScosons 

proprrly drfiiwd. — The imim*<liate causes that pnHluco the 
phenomena of the .sea-sons are deseribcil in two ways — the one 
hy the real motions of the earth in its ditintal rt'volution ami 
iinnuiil notation in its orbit rnuml the sun, and the other by 
the appaivnt movements of the sun, moon, planets, and stars 
over the celestial numilian. From the latter metlnMl of 
description iM'ing in accordance with the vici.<situde.s of the 
day, month, mid year, as they roll on Insfore our perceptive 
faculties, astronomers have taken the most elabdiato care to 
ilemnnstrate the apporant causi's, while the rtiid ones, liest under- 
stood hy our nsflectivo faculties, are comparatively ovorlookt*d. 
Tliis is pur|>08ely intendtxi, os it would W a matter of extreme 
intricacy of expression, if not confusion of language, to 
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deecribe every position of the heavenly bodies in the ephom- 
eris, in respect of their daily changes, by the complex move- 
ments of our planet. It ia tme that, for the purposes rtf 
navigation, the distances of the earth from the heavenly 
bodies are given in the nautical ephemcris according to their 
real position ; but for general astronomical purposes their 
apparent movements im* still hel«l as the basis of deseribing 
the phenomena of the soitsons. It is well, however, t*> nunind 
the muler of the fad. that “ All these movements, Imth those 
of rotation and translation round the siin, and those of nuta- 
tion and prtM.'ession. are efleetcil simultaneously by tluj earth. 
Tlie motion of our glolw has often Is'en compaivd, and with 
justice, to that of a top which, while turning on itself with 
great rapidity, an<l tracing on the surface which supjurrta it 
a line whir-h may lx* likenwl to it.s orbit, undergoes also a 
balancing of its axi.s of figure nr rotation analogous to tlu; 
(»cillati*>ns of the earth. Then* Ls this difference, that the 
varion.s movements of the earth are accomplished witli mathe- 
matical regularity in peri«Mls lelatively very long, and aeconl- 
ing to laws which allow us each instant to a.Hsign its tme 
po.siti«)n in sptice.” * 

155. AMn/nomirnl DojinHion of thf apjtnrfut CittMr/i of th' 
Sennona . — “ In astroimmy the .sr^asoiis nn; considenid as Ix'giii- 
nmg re.sp<-etively when the sun enters the signs Aries. Can- 
cer, Capricx)ni, and Libra. Ib-nce the spring season eom- 
mences alxMjt the 21st of March, summer alsuit the 22d of 
.fune, autumn about the 2.3d of Se]>tendM*r, and winter aliout 
the 23<1 of J>eceinls-r.” This is the stercjotyfK**! definition of 
the sea-sons which ha.s obtainwl fnmi the earliest obwirva- 
tions of nstnmomers-up to the )*res(!nt day; yet, as n^ganls 
the sun entering the.so jwiiicular signs of the xtHliat; on or 
altout the days and months onnmeratcul, the calculations no 
longer hold'gfxxl, in cnosequenee of the pre.cessi<iii of the 
exjuinoxes. That phenomenon has Iseen already alluded to 
as being entirely different from the obliquity of the ecliptic, 
the diminution of which arises from the displacement of the 
* ' Ttie Heavens.* By M. Onillmnin. 
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ecliptic iUelf ; the proceseion of the equinoxes is, on the con- 
tmr}’, (>ccttMiono(l by the continual displacement of the tems- 
triiil (Hpintor, tlirough the combined action of tlie sun and 
iHtKiu on the mass of prutulieiunt matter about the earth’s 
equator. If Uio sun and moon moved in the plane of tlie 
e«{uutur, there would evidently lie no precession. “ In con- 
miuence of this regression of the eijuinuctial points, the sun’s 
plmai among the zrsliacal constellations at any given season of 
the year is now greatly ditferent from what it was in remote 
ages. Some time prior to Hipparchus, the first points of 
Aries untl Libra corresponded to the venud and autuumal 
(Mjuinoxes ; those of ('ancer and Caprio-om to the summer and 
winter solstices : at present tlte.se constellations Itave se{>amtc«l 
thirty degrees front the same ]>oiitt4 of the M-liptic. The 
vernal equino.v now hap|>eits in the coitstellation Pisces, the 
summer solstice in Cmmini, the autumn iHiuinox in Virgo, 
and the winter solstice in Sagittarius. Astrunomets, how- 
ever, still count the signs front the vernal equinox, whiclt, 
then'fore, ala’ays curres{H>itds tii the first jsiint of the t«V/« of 
Aries. On this account it is net'essoiy t<i distingttish care- 
fully lK-twe<>it the si'yiis of the zinliac, whiclt jirv lixotl with 
ri'ganl to the etiuino.\es, and the omftellattoM, which are 
movable with rosjiect Ut thtise pointa.” Of course it is pre- 
sumed that the most suiH'rficial rc;uler understands the ap- 
jmnuit Its distinguished front tlie real motion of the heavenly 
iHslies in this insUtitce, os it is the annuid rotation of the 
earth round the suit which causes these changes, a.s the diur- 
nal ri'Volution on its axis is the cau.se of day and niglit. 

15G. Familiar lUmtratum of apixirrut Motion . — In the 
fon>going nstronomicjtl tlescriptioit we have reganltHl the suit 
os being ujqtarently in rnotioit round tlie earth; but the 
diuritiU revolution of tlie celestial bodies may lie et|ually well 
oxplitinud by supixtsing these motions to lie only optical 
illusuins ; just os a jtersun seated in a railway train in motion, 
passing another at rest, may bo almost convinced that his 
carriage is statiuuaiy while the othon are moving. If wo 
now consider the phenomena witli reference to the earth, we 
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shall find that they may all be equally well explained on the 
hypothesis of the earth’s motion, and the immobility of the 
son. The most remarkable phenomenon connected with the 
annual revolution is the variation of the seasons; and in 
order to explain their cause it is only necessary to stippose 
that the ejirtli, in describing its oblique orbit, always pre* 
serves its axis parallel to the same straight line.”* Ihit ns 
mere de-s^'ription may fail to convey a com*ct idea of thw 
wcll-ascertaineil phenomenon, it is necessaiy to demonstrate 
the fact by the usual iistri>nomical diagram-s. 

157 . Aiftmiutmlral ««»/ Duvjranutf Ih^ S’ rmnut. 

— “L«*t A. 1», C. 1>, n‘pn*.’j»'nl the earth in four tUlfen-nt ii«tsi- 
tions of its orbit, n. s. Iteiug its axis, and n. aiul s. iHung its 
north and south jk>Ics ^^^s^>eeti^ely. While the earth gof.s 
nnind the .suti in the order of the letters A, B, l>, its a.\is 
n, n. presiTVes its obliquity, and always continues parallel to 
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ita first direction. At C, the north pole inclines towards the 
sun, and brings all the northern pla^ more into light than 
* Art ** Astroaomy,” ' EncycloiMB^ Britannica.' 
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nt any other stvoon of the year. Bat trhen the earth U at 
A, the o{i|KiBite pf>int of the orbit, the north pole declines 
fmm the gun, and a less portion of the north hcmispbere 
oiijoys the blessings of his light and heat. At B and B 
the axis is )x.‘rpendicular to the plane of the orbit, so that 
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the poles ore situatixl in the boundaries of the illuminated 
hemisphere, and the sun, being directly over the equator, 
mokes the days and nights equal at all placca. These pheno- 
mena are illustmte*! in tlie second diagram (Fig. 10), which 
represents the situation of the north pole, with r^aitl to 
the limits of illumination, in eight different poaittona of the 
orbit. In this figure, JE is the ternstrial equator, T'the 
tropic of Cancer, the dotted circle the parallel London, XJ 
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the arctic or north polar circle, and above this is the north 
pole, where all the meridians or hour-circles meet The 
spectator is supposed to be placed at the polo of the ecliptic. 
'Wben the eartli is at the beginning of Libra about the 20th 
March, the sun, as seen from the earth, appears at the b(>gin- 
niil^ of Aries in the oiiposite part of tlie heavens, the north 
pole is just coming into light, and Uie sun is vertical to the 
equator, which, with all its {lanUlels, is divided into two 
equal ])arts by the circle which forms the lioundary lH>twei*n 
the dadk and Oluniinatcd hemispheres, and therefore the days 
and nights arc e<|ual all over the earth. As the earth moves 
in the ecliptic occordiug to the onler of the letUtrs A, It, C, 
D, &c., the north jkjIo comes more ami morts intti the light, 
and the days incream* in length at all plact*s north of the 
equator AL When the earth e4<mc8 to the }M>8ition iH'twwn 
li and C, or the beginning nf t'apricorn, the sun, as seen from 
the earth, ap]>eiirs at tin; isgiiming of t'uncer aliout the 2l8t 
of June ; and the north jKile 4»f the earth inclines towards the 
sun, so as to bring into light all the north frigid zone, and 
num; of each of tin* northern pimdlels of latitude in j»n»|«>r- 
tinn a.H they an? farther from ’the eqiiaUtr. As the earth jmI- 
vances from Capric«irn towanls Aries, and the sun apjs-ars to 
move from Cancer UjiwupIs Libra, the north ]K>le n?cedes from 
the light, which causes the days to decrease and the nights 
to increase in length, till the earth comes to the Ix'ginning of 
Aries, and tlien they are eqmil as licfyre — the boundary of light 
and darkness cutting the eipiator ami all its ]>urallelH equally. 
The north {K>le then goes inbi the dark, ami does not emerge 
till the earth has ajinpiebal a semi-revolution of its orbit, or 
from the 23d of rieptemlxsr till the 2t)th of March. All iliew; 
phenomena will be readily understood fiv»m the bare iiu«{iection 
of the diagram ; and it will be perceived that what lioa Ustsn 
said of the northern hemisphere is eijually true of the southern 
in a contmiy sense — ^thot is, at opposite seasons of the year.” 

158. DimimUion of ObtuptUy itjmred hy writen on the 
Secuone. — With ihese*and similar diogroms and descriptions, 
the phenomenon attending the romaricable displacement of the 
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oquuturiiil plitno from tho orbit of the earth is dismissed by 
ostrunuinurK os fully explaining, in their estimation, the origin 
of the se-isons. True, it is so, and they demonstrate clearly 
the imiuetluit 4 ! cause of the phenomenon, but almost ignore 
tlu! iiuiiurtaut hu-t that this obliquity is (llmiuishing, the 
investigation of which might lead to conclusions of stili 
givater iiii|sirtiin<H‘. A popular writer on the seasons, in 
treating of this subject, d<H>s not even consider the diminu- 
tion jw «leserving of notice : — “ We may further rcmailc, 
tlmt the earth’s axis, tlnnigh it clumges its situation in 
8 |Mwe, changes its dir«*etion very little ; so little and so 
slowly, iiuUH-d, that it liiw no tniceable efr»,*ct on the sc^vions, 
and thei\-fon* we may jkiss it by :1s t<s> nice fur our pnr- 
pos**." * l*ru 1 »alily m*, iw far as one yearns mvolutioii of the 
earth round the sun is eoneemed ; “ and we may wiy that 
the earth ]H-rfi>nus its three hundnHi and sixty-live and a 
i|uarU‘r rotations with its axis in the same |)osition, and its 
]ilane of motion always the same ; and this is the first and 
simplest bmneli of those motions of the earth which we must 
well uiiilei>tiiu<l, tak«-n singly, lyfore we can 1 h* ]in*|>are<l for 
understanding their joint efi'eet." Jhit may not that infinites- 
imal diminution in a year mount up, even in the course of a 
gcuicratioii, or several generations, st> as to have an ohservahle 
effeett u{M(n the normal condition of each soasem, im'spectivc 
€»f the vast ciHichs of time «'onsi<lercil in the previous sections 
of this work ? 

lAlt. Foiiutar Itninirk!* ciiHfirnimj ChaUfjM of thf 
— It is a common remark among the inhahiUmts of the 
llritish Isles who an> in ptsitions to notice our pn.>verhially 
chang<'ahle climate, that tlm seasons atv not the siune as they 
used U* lu’, according t<» ohl meUntrological n‘gist«>r 8 ; and even 
ohl p 4 >opic notice that the sniiiiners are colder and tho winters 
not 80 seven' ns they reniemlMT them in their young days. 
Tlieau changes are accounU'd for by some motcondogista from 
the cultivntitu) of the land, its tlraimtgc, the clearing away*of 
forests, and other artificial causes ; whilo some almanac nmnu- 
* KobcrtMwIir -‘Spring.* 
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ftetiuen eodesrour to «how that the aeaaona change in cycles 
of fifty or six^ yMn» <m "which they ground their prognos- 
fieaUons for the ensuing yt»ir. Witliout attaching gieator 
vdght to these opinions than all crude observations deserve, 
they indicate tiiat there is some influence at work which 
alters the complexion and regularity of the seasons in the 
lapse uf a generation, though tlie change is not noticeable in 
the year. May not these changes be attributable to the con- 
traction of the torrid zone, caused by the decrease in the 
angle of the earth’s orbit and the equatorial plane? At all 
events, the question is worth being investigaUd in tins view, 
instead of “ passing it by as too nice for our purpose." 

160. Hypothms of OUiquUy of the Ecliptic not eonclunhv. 
— In like manner, astronomers furnish no conclusive explan- 
ation of the origin of the obliquity of the ecliptic, and rest 
satisfied with the hypothesis that it arises from the pertur- 
bations of certain planets. They say, — “ Thcor}’ has show’u 
that the cause of the displacement is the action of the planets, 
partictilarly of Jupiter and Vemis, on the earth, by virtue of 
which the plane of the uar^i’s orbit is dniwn nearer to the 
planes of the orbits of these two planets.” Upon the same 
grounds might it not Ik: as l')gicully advanced, that t3ic ob- 
liquity of the ecliptic in Venus, which is more than double 
that of the earth, is cau8e<l by the influence of our planet’s 
orbit upon hersi The astronomers further say; — “This, 
however, though by far the most considerable, is not the sole 
cause of the phenomenon ; for theory also shows that a slight 
motion of the plane of the equator is produced by the attrac- 
tion of the sun ami moon, but so very minute that its effects 
will only become appreciable after a long series of ages.” 
Granted that the sun and moon exercise a certain influcuco 
over the earth in producing the precession of the eriainoxcs, 
it does not follow that they affect this phenomenon of obli- 
quity; while the earth itself is ignored as having direct share 
in creating and. controlling this woirderful source of profit 
and pleasure to her industrious children dwelling within the 
latitudes influenced by tbe four seasons. 
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161. Thit Agronomical ProMem open to Solution Ity Geo- 
Uxjy.—ljdi us even suppose that this obliquity uras caused by 
the overwhelming attraction of the sun upon the nordi hemi* 
sphere, when that moiety of the earth presented its surface 
towards the parent centre of its gravitation during sope early 
epoch of its convulsions, and at tliat part of its orbit maridng 
its present summer solstice in Eurojx:, and there would be 
more sulMtaiitial grounds for the astronomical hypothesis than 
the planetary theory suggested. But the fact of the earth main- 
taining its oblique position Avhen that hemisphere is at the 
winter scjlstice, or pointing away from the sun, distinctly 
illiistrat«>.H the fact tliat solar attraction, however powerful 
in nding the annual rotation of our planet, has little or no 
influence over the obliquity of its axis. And consequently, 
although the heat and light of the sun which fall upon the 
earth are the gn*at source of oiganic phenomena pirnlucetl by 
the foiir s<»ison.s, yet as to tlie origin of the seasons them- 
selves. even astronomers do not attribute any influence to its 
gravitation. Neither do they attribute to any lunar attrac- 
tion the cau.se. of this phenomenon, although it i^ jiroved that 
the moon exercises great influence over the sea in producing 
the tales. If, then, the sun and moon have had no power in 
drawing the earth from its i»rimary uniform equatorial plane 
and orbit, where .shall wo look for those perturlmtions which 
have producetl ami now control this wondrous phenomenon ? 
It is advanced by astronomers, as we have seen, that the 
planets Venus ami Jupiter have aided iu altering the plane 
of the earth’s orbit ; but even in their bands the aiguments 
are not ctmclusivc. In the al)sence, therefore, of any incon- 
trovertible astronomical data or calculations to prove the 
cause of this vital feature in the structiurc and functions of 
our planet, it is with the more confidence that wo propound 
the geologiciU tlieory, tliat the basis of the phenomena 
which we see manifested in the seasons emanated from^tho 
earth itself, irrespective of its position as a member of the 
planetary sphere. Like an independent state among the 
community of nations, possessing a constitution of its own. 
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yet consistent with the general iNihinco of power, tlio earth 
holds the ix>wer of regulating her own sessional inovuinunts, 
though in her diurnal and annual rotation she is regulated by 
the universjvl law of gravitation — the sun Iwing, os it wen;, 
the central power to which she is su1)8ervient. 

162. The Question of Disjttacement eonsulered Astranomi- 
eally. — It must bo ol>8erve<l once more that astronomers, in 
their researches respecting the duninulion of the obliquity of 
the ecliptic, at first wen; uncertain whether the phenoineiion 
is occosionoil by the displacement of the plane of the ccli])tic 
or that of the c<[uatur. By comparing imHlern with ancient 
observations they have come to the conclusion that the former 
is the cause, liascil on the following grounds: — “ It is evident 
that, if the inclination of these two planes becomes less, the 
stars which are situated lustween them, j)ai-ti<‘ularly those 
situated near the solstitial colure {i.e., the eaitlinal points of 
summer ami winter), will appear to appnwch to that plane 
which changes its position ; so that if the ecliptic is displaced, 
the latitudes of those stars will Ite diminished — or their de- 
clinations, if the displacement l)el(jngs to the equahjr. It 
was first observe*! by Tycho, and the observation has been 
confirme*! by succeeding astronomers, that the latitudes of 
the southern stars situate<l ne^tr the solstitial colure — that is, 
of tho8*3 stars whose longitwh'S are nearly 90“ — have dimin- 
ished upwanls of 20' since the time of Hipparchus ami 
Ptolemy ; while the latitmles of the northern stars have 
undeigonc a corres{x>nding augmentation. Fn>m this fact it 
is proved that the <liniinution of the obliquity is occasioned 
by the ilisplacement of the ecliptic.” * 

163. Geological Inferences mag Ite. in Harmony with Astro- 
nomical Truths . — At first sight this demonstration of th»s 
cause that produces the diminution of the obliquity would 
appear to stultify the aigumcnts set forth in the preceding 
sections in support of our theory, wliich inclines to the con- 
trary inference, that it was produced at first by the <lisplace- 
meut of the equatorial plane from that of the ecliptic. W'e 

* Art “ Aatrononiy,” ‘ Encyclopaslia Britannica.’ 
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have cndeavoiired to show that in all probability the earth 
was driven from its normal equilibrium by internal forces, 
producing what should properly Ijo called an oMirjinty of the 
axis inst(‘ad of the planes. Having advance<l this hypothesis 
with rcgiinl to the expansion of the angle of displacement, it 
does not follow that tlic principle would control the decrease 
of that angle. On the contrary, the affinity arising between 
the earth’s orbit and its equatorial plane of revolution is 
another proof that these two planes were once in accord, and 
that they will again r*;tum to their original condition by 
virtue of the law of onler that |)erva<le8 the universe. Al- 
though it has latcn advanc(^d that the counteracting forces in 
the south hen)ia)>hcre, which amjstetl the maximum increase 
of the equatorial displacement causeil by those jnreviously 
acting within the northern half of the earth, were the im- 
mediate cause* of diminution, it is not intended to prove that 
these subsequent inf!u)‘nc<>s w’ere of equal power with the 
jtrimaiy forces. Hence it may be inferred that the earth, 
having r<*ach(‘d its greatest angle of obliquity by its internal 
ugencie.s, has been aided by external influences in bringing the 
two'planes, so separated, again into harmony with one another. 

164. A Pnicftcnl Siiliition of this Question a Matter of 
Public. Imjwrtanee , — Having so far demonstraU'd the apparent 
cause of this diminution, astronomers have rested in their 
calculations and observations at that point, leaving the great 
problem of obliquity, in our opinion, unsolved. With all due 
deference to their views ami transmundane re8earehe.s, they 
have not exhausted this field of iuquiiy, or brought their 
profundity of knowledge to law upon the root of the ques- 
tion. In that sense its investigation should lie continued by 
the aid of geologists and meteorologists, as appertaining more 
appropriately to the subjects of their study, in connection 
with the phenomena of the four seasons — a subject in which 
every one takes an interest, from the highest personage in the 
realm to the humblest labourer in the fields. The further 
prosecution of the inquiry becomes a point of practical im- 
Iiortancc to the commimity at large, os well os of scientific 
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iixvet%»tion fur the kvr who take an interest in its theoretical 
hearings. It involves the consideration of the tcmilter^ which 
exercises so much influence on the wealth and prosperity of 
Europe in general, and the British Isles in particular. Here 
we have a viepartment of the Board of Trade chaig[ed speci- 
, ally to issue stonu-wamings and forecasts of the weather for 
the guidance of the mariner, and in some respects the fanner. 
Hitherto these have been issued upon a rule of thumb” 
plan, until at one period they were suspended as being fre- 
quently incorrect, the persons engaged in concocting them 
not basing their calculations on scientific data. Now, under 
the auspices of the Boyol Society, a better system is in the 
course of adoption, and these prognostications may l)e the 
means of preventing many maritime disasters, and other- 
wise be of public utility. It is just possible that a con- 
sideration of the primary question as to the origin of the 
seasons and their variation, on the grounds set forth in this 
new theory, may assist the meteorologists in charge of the 
weaUter department of the Board of Trade in arriving at 
classified results, fixim the data furnished by theii' tables and 
registers, more in accordance with general principles than 
they are at present. 

165. Popular Division of the Four Stiusom in the Al- 
manacs . — Besides the astronomical division of the seasons, 
which fixes the dates of their quarterly ofxurrence at the 
equinoxes and the solstices, every one knows that there is an 
ordinor}’’ division when spring is held to commence on the 
1st of Eebruary, summer on the 1st of May, autumn on 
the 1st of August, and winter-on the 1st of Noveml)er. In 
this division the astronomical arrangement is considered as 
the culminating point of each season — such as midsummer, 
when the longest day happens on the 2l8t of June ; mid- 
winter, or the shortest day, on or about the 2l8t December ; 
the vernal equinox about the 20th March ; and the autumnal 
eqmnox on the 23d September. It is under this popular 
arrangement that the four seasons of the European year arc 
best understood by the general reader, each with its sub- 
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division into three months, as set forth in the annual al- 
manacs. With regard to these publications it must be 
observed that, as they are published in advance of the year 
indicated, all prognostications of weather must be taken as 
only approximate, sometimes not within days, at other times 
weeks, or even a month, of the date fixed regarding the 
occurrence or setting in of a season. Again, where particular 
degrees of heat, moisture, rain, &c., are indicated, the prog- 
nostications may prove correct on the sea-board, but erroneous 
inland ; and what would apply to the British Isles in these de- 
tails would not upon the Continent. In Great Britain itself 
we have an example of the variations of the seasons in different 
localities, w'hich renders the gardener's calendar for England 
unsuitable for Scotland ; while the fanners have earlier or 
later periods of seed-time and harvest, according as their crops 
am reared in the south or north Latitudes of the island. 

1G6. General Characferi«tic« of the Seasons and 'Calendar 
Months . — Notwithstanding the variations of the seasons as 
they occur in comparatively adjacent localities, and their 
changeableness in respect of each locality in different years, 
there are general characteristics by M'hich they arc recognised 
as Iwing distinct from each other. For example, spring is 
mild in temperature, and the season when plants begin to 
bud ; summer is the hot season, when the flowers are in 
greatest bloom; autumn is a season of balmy airs, when 
fruits ripen and trees shed their leaves; and winter is the 
cold season, when vegetation lies donnant. Experience has 
shown, however, that there are exceptions in some years to 
these general characteristics; when a cold summer occurs, with 
snow in June or July — and a mild winter happens, when 
flowers bloom in the open air at Christmas. Seeing that the 
natural recurrence of each season, and its prevailing charac- 
teristics, are not fixed quantities in the order of nature, it is 
not surprising to find that the artificial division into calendar 
months fails to register the special phenomena allotted to 
each by almanac compilers. Tet, even in that division, 
there are certain characteristics in the economy of nature 
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observable tbroughout a series of years, which are applicable 
to any one particular month. For instance, January is 
the severest month of cold and frost; February the most 
cheerless month of the year in rain and snow ; March is dry 
and windy; the fickle month of April is all showers and sun- 
shine ; the merry month of May is fresh and venlant ; the 
leafy month of June is fmgnuit with the scent of flowers 
during its warm long days; July sets in with fervid heat 
and sunshine, when hay crops are gamered ; August is the 
corn-har\*est month, with clear cloudless skies ; in September 
the weather is bracing ; during October the leaves fall from 
the trees ; November sets in with cold stormy weather ; and 
Deceml»er is the gloomiest month of the year. Some en- 
thusiastic observers of the phenomena of the seasons and 
months go even further than the monthly subdivisions, and 
endeavour to show that each month may l)e divided into 
three part.s, showing the variations between the 1)oginning, 
middle, and the end. So might the variableness be traced 
even to each day, as exhibiting sf»me diftcrence from those 
preceding and following it. Ihit it is not with these details 
that "we have to deal in <*lue,idating our subject ; we shall 
endeavour to trace some general characteristics which dis- 
tinguish the four seasons as they occur in Europe, in com- 
parison with other regions, and these in relation to the 
extinct tropical and glacial sea.sons. 

1C7. The Aniiquify of the Htioly hm not exhniiMed the 
Subject . — Unlike many other subjects of physical inquiry 
discussed by the ancients, which have Ixicn shelved in 
modem times as their errors have been corrected by the 
advancement of knowledge, the popular study of the seasons 
is not more interesting in this ninebHMith century than it 
was before the Christian era throughout the Koman empire. 
Then, as now, it was the theme of the })oet, and the topic of 
the day amongst the people ; and we recognise in the names 
of the calendar months the titles of some of the Homan 
emperors who shed their imperial lustre upon the study 
during the Augustan age. From that period till now, 
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through succeeding ages of religious and political controven^, 
this topic alone has held its calm but firm hold upon the 
minds of the people, undisturbed by the conflicts of war or 
time. I fence it may Iks said that there is litffe or nothing 
new to be written about the four seasons, their phenomena 
and nsscKiiations ; but wo are of opinion that something 
remains untold regarding their vicissitudes. In treating of 
this Huf>ject there seems to be a foregone conclusion among 
most writers — not excepting learned astronomers — that the 
seasons all at once leapt into existence, and that their origin 
is coeval with tlie creation of the world, or at all events with 
its pristine condition of land above the sea-level. When the 
farmer looks forward to the coining spring as the time for 
sowing his grain, to the summer when it will ripen, and to 
the autumn for his harvest, ho considers the succession of 
these seasons, on which he depends for his sufjsistence, as 
things that must and ever will be, and that ever have been. 
When the gardener watches the seasons for the culture of 
his flowers, he calculates on their recurrence w'ith something 
of a certainty akin to the return of day and night ; and if 
his experiences have not travelled beyond Europe, he will 
smile increilulously if told that there are lands where the 
four seasons, quartering the escutcheon of the year in Europe, 
are condenml and bisected into a rainy and dry season in 
one n'gion, or a short warm season and a long cold one in 
another. Those who live in a variable clime, such as Great 
Itritain possesses, where the trimonthly seasons occur with 
tolerable regularity, and who have no exi>crience of other 
regions Avhero the divisions are unknown, become confirmed 
in the idea of their permanence and universality, and sing 
the praises of each recurring season as the bard of 'The 
Seasons,’ Thomson, has sung, although nature rarely follows 
the flattering invitation : — 

" Come, gentle Spring ! ethereal Mildness I come, , 

And froni the bosom of yon dropping cloud. 

While Music wakes around, veil'd in a shower 
Of shadowing rosea, on our plains descend." 
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168. Poetieat Faneiet of Happy Landa where Perpetual 
Summer reigns . — Those iirho have lived in countries 'wliero 
the prolongation of summer on the one hand or winter on 
the other almost obliterates spring and autumn, look back 
with fond recollection to the land ei\io 3 'ing these vicissitudes 
of the weather to their fullest extent, even though that land 
has a rigorous or changeable climate. Imaginative poets 
revel in the glories of an eternal summer, and picture a par- 
adise where no change of season or cold weatlicr is known, 
as the happiest land for the human family. They sing 
of clouiUess skies, the cerulean heavens above, Uic never- 
fading grove below, the continual hum of insects, and the 
constant fluttering and warbling of binls, os contributing to 
the summum bonum of human happiness. Ilow diflbrent 
might be the reality, if we may jiulge from the sunny clime 
of Australia, where the bright blue sky has palled upon our 
senses, and we have longed to see a cloud on the liorizon — 
where the evergreen forests soon appear monotonous to the 
eye, and we w'elcomed the sight of a deciduous tree ; while 
the continual hum of insects and the chattering of birds 
became irksome, and their presence troublesome. Although 
that great south land is half within the southern temperate 
z(^e, yet the quarterly division of the seasons is not a])- 
parent, and tlie indigenous vegetation scarcely marks the 
changes from winter to summer, which specially distinguish 
the flora of the north temperate zone. Thus it is evident 
that the seasons, strictly speaking, are confined to a narrow 
belt of the globe conq)arcd with those regions when; their 
distinctive character is obliterated, or blended into one cli- 
matic range. 

169. T/ie Seasons^ their Fauna and Flora the Itemlt of 
Contracted Energy . — ^This aspect and these phenomena of 
other climates beyond Europe it is not our purpose to dis- 
cuss here, though there are points connected therewith that 
will demand our attention hereafter. What especially re- 
quires our consideration at present is the question, T^ether 
the seasons have existed from all time or not 1 In reply it 
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may bo said that there is abundant geological evidence to 
decide in the negative ; and that they had a beginning in 
the history of our planet, with a gradual •development 
throughout an immense course of time, like those other 
groat changes in its physical condition which have been 
referred to. It must bo observed, however, that in their 
progress from a primary state to their present condition, there 
has been a gradual breaking up of the tropical divisions of 
climate in Europe from which they originated. In the origin 
and development of extinct organic life we see an ascent in 
the scale of creation from the simplest forms of plants and 
animals to the more perfect in structure ; and geology fur- 
nishes proofs that the inorganic solid matter of the earth 
progressed from a crude or plastic condition to a consoli- 
dated and crystalline state. Nature proceeded step by step 
in her march up the hill of developments during the pre- 
jHtratory epochs of the world’s history, before she inaug- 
urated the laws which now rule our terrestrial planet. And 
of these, the laws that control the seasons and arranged 
them originally into four divisions, it is evident, sprang from 
an advanced state of creation, and are the result of a pre- 
vious condition of progressive development It is abun- 
dantly evident from the vegetation and animated nature 
peculiar to the temperate regions where the seasons prevail, 
that these have not resulted from an exjiansion of nature’s 
powers. On the contrary, everything connected therewith 
leads us to conclude that the seasons and their special fauna 
and flora were the result of a eonfraetwn, as it were, of a pre- 
vious state of things ; and also, that they could not exist as 
we see them now without liaving risen from an clementaiy 
condition, more rudimentary, more colossal, more prolific and 
intensely generative, than what now obtains in those countries 
where spring, summer, autumn, and winter are eacli in its 
turn a check upon the other in developing their species, as 
compa^ with the universal prolificness throughout the year 
in the tropical regions. In the growth of vegetation in 
Europe, for example it is at times a struggle for existence. 
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even when tudod hy the efforts of man ; in spring the hud is 
frequently nipped hy the lingering frosts of winter, and in 
summer the iiilossom suddenly decays when a premature 
autumn comes on. How ilifferent in the tropics, where heat 
and moisture intensify the genemtive lowers of plants, so 
that the efforts of man to keep vegetation within l»ountls are 
frequently abortive ! 

170. Natural Hidory of ihi* Epoch the mod Perfect in 
Structure . — It would appear from these indications that the 
seasons and their natural historv are the children of our 
common mother earth, begotten at iqi advanced period of 
her existence. So to speak, the comparatively humble weeds 
of the European thicket, the deciduous tree.s of the forest, 
the common animals that tread the grcHuiswanl, and the 
modest birds that flutter through the grove, are all the 
children of her old age ; while the progenitors of the bril- 
liant and colossal creatures that inhabit the Indian jungle 
or the tropical waters are among the first-born. Before the 
modest elegantly-forme<l creatures of Europe were brought 
into being, she Iwre other fruits of her generative power, 
more gigantic, but less perfect in form and instinct : the 
early created plants and animals on the habitable globe were 
giants in physical asjtcct, rude in their structure, and low in 
their mental calibre. The.sc perishwl, and out of their re- 
mains rose the lesser forms of organised life, which wo now 
behold in Europe, augmented in t»rain and instinct, more 
peaceful in disposition, and more jierfcct in form and struc- 
ture. 

171. TTie SeaMoms eeitlently of cnmparnilmty Recent 
Geological Origin . — In tracing the progress of the torrid 
zone through its assumed expansion to the latitudes of 4«}° 
or 60“ on each side of the equator, it was remarked, that 
although the latitudes of Europe must have passed through 
a temperate period such as now prevails, there is no evidence 
of a temperate fauna and flora having existed anterioy to its 
tropical era. This is accounted for by the seasons recurring 
at an epoch while the earth was a barrels region of rocks and 
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water, M'hen vegetable or animal life had not yet appeared. 
Had this condition of things continued throughout succes- 
sive ages up to the present time, it is not Aiscientitic to 
conclude, that in all probability Europe would still have 
presented u barren aspect, sparsely covered with vegetation 
of. a low order in its northern and middle latitutles, increas- 
ing in abundance on the confines of the tropics, and tenanted 
by sucli binls, beasts, and insects as became acclimatised to 
tlie colder regions north of the torrid zone, where they first 
had their existtmcc. Heat, it is well known, is the great 
HU]>porter and generator of animal and vegetable life, and 
it is cliiofly dijrived from the sun. We find, therefore, that 
where the sun’s rays are most intense and constant, there 
nature is ino.st ]>rolific in her productions. Consequently we 
natunilly arrive at the conclusion, that the primary scats of 
organic cn^itioii must have been the hottest ; and, as they 
spread towards cooler latitudes, subsidiary centres of organisa- 
tion weni formed under ditferent physical conditions. Hence 
it required an intensely tropical climate to generate the 
primary progenitors of the indigenous flora and fauna of 
Kur«»pe, and these have risen, phoenix-like, from the ashes of 
an extinct trojtieal era ; they are vegetable and animal king- 
doms built out of the ruins of a primary organic empire, 
without which they never would have existed, or would liave 
pre.sented inferiority in structure. View’ed in this light, the 
seiisuns are of ctuuparatively recent origin, and are among the 
latest ollorts of nature to diversify the surface of the earth, 
and vary tlic utinuspheric changes of the year. 
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EPOCH OF THE 8E.\S0S8, — Continued. 


The ancient dogmas of stability suj^Tswled by the modern laws of change ^ 

1 172.— This epot'h rose by nei'essity out of the transition i)erio<ls, 173. 
— Animals decrease<l in size but increased in sjtecies during this epoch, 
174. —Destructive animals decreasi^l and harmless animals increased in 
species, 175. — Kemarkable clianges in the vegetable king(U>m, 17d. — 
Trees and shrubs changed their foliage from {Perennial to annual, 177.-* 
Changes of the seasons best known from the flora of a country, 178. — 
The four seasons typical of the vast periods of geological time, 170.- * 
Nature repeats itself in existing changes of extinct vitality, 180. — Migra- 
tion of birds a vestige of the glacial period, 181. — Probability of the 
seasons having passed tlieir climax, 182. — Difhculty of prognosticating 
the changes of the weather, 183.— The Duke of Buccleuch on the advan- 
tages of storm-signals, 184. 

172. ITie Ancient Dogmas of Stability svpersedofl hy the 
Modern Dues of Ctmnge. — In ancient times it was a favourite 
dogma with the philosophers of Greece and Rome to upliold 
the stability of things in the physical world as evidence of 
the fundamental laws that rule the movements of the visible 
universe. The earth was placed immovably in the centre of 
all the systems, around which the crj'^stal spheres of the 
several descriptions of heavenly bodies revolved, yet these — 
sun, moon, planets, and stars — were fixed in their transpar- 
ent media, unalterable and eternal. Taking example from 
the supposed stability ^of the material order of things, the 
civilised nations bf antiquity sought to establish laws in 
the moral world as permanent as those which seemed to 
prevail in the physical Hence we^read of the laws of the 
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Modes and PoTsians, which were considered nndumgeahle, 
and the appellation of the eternal city ” to the city of the 
Caesars. Time has exploded these dogmas of stability ; and 
in modem days the doctrine of change is tire rule in both 
physical and moral philosophy. On the one hand, we see 
nations and governments altering their laws and improving 
their institutions progressively, so that, in the course of a few 
generations, the whole fabric of society is changed — old laws 
become obsolete, and a new order of things rules, according 
to the exigencies of the day. On the other hand, almost 
every year brings forth some new discovery in astronomy and 
geology, representing hitherto unknown changes in the con- 
dition and movements of the earth and heavenly bodies, 
from which principles are deduced proving that there is no 
stability in the universe, and that throughout past time there 
has l>een a continuous change in all things. In accordance 
with these principles we have referred to the inclination of 
the earth’s axis, its extension and dbiinution, as an illustra- 
tion of this instability of things. Hence, in reviewing the 
seasons and the monthly sulnlivisions of the year, there is 
one grand deduction to be made from the varied phenomena 
they present like an endless panorama before us, and that is, 
Chanok. At whatever pcriwl of the year, or in whatever 
region of their influence, we behold their eflects upon the 
physical world, on animate or inanimate objects ; there is a 
constant change going on of renovatim and decay, which 
alone marks any general principle in the laws that regulate 
their succession. All is evanescent in the never-ending 
scene, from the summer cloud that flits athwart the azure 
sky, to the snowy mantle that covers the ground in winter 
— from the tiny snowdrop tiiat struggles into existence in 
spring, to the giant oak shedding its leaves in autumn. 
Everywhere and at all times the flag of the seasons is before 
us, inscribed with the everlasting insignia, “ Change and 
the summer breeze and winter storm are continually ringing 
in our ears, ** Change ! change ! eternal change ! " 

173. This Ejpoeh rose hy neeeiuity out of the Traneition 



176 


ORIGIN or TOR 8BAS0N8. 


Periodh'^l^tcm tibiis we derive the theory that the seasoos 
originated during a transition period, when nature vrua 
nuxe active than usual in renovating the decay of a prior 
epoch, which reduced the species of the vegetable and animal 
kingdoms of the north temperate regions to their lowest 
numbers. There is abundant getdogied evwlence to show 
that the glacial perio<l nut only extirpatinl the lloni and 
fauna of the tn>pioal era in Europe, but its frigid wiiiteie 
reduced the genem and spivios to an arctic minimum capable 
of resisting the inclemency of that season at its northern eon- 
tines. Hence, when the gigantic animals and plants disap- 
poarcil, they wen* succeeded by speeics diiuinutire coiujtared 
to their progenitors. These, however, were not altogetlu^r 
new forms of creation. They appear to have been simply 
the primary fonns modified in their organs and functions, as 
they became acclimatised to tlie altered temperature of the 
atmosphere and water — ^just as we find dwarf specimens of 
a tree or slmib at high altitude.s subject to a frigid zone, as 
compared with larger examples in warmer localities near the 
base of a mountain or in the valleys l>clow. Desides tliis 
diminution of form, it is oliservahle, also, that the new gen- 
erations of plants and animals possessed higher organisms, 
having more perfect organs and functions — as we find exem- 
plified in the common violet compared to the Iskobah-lret*, 
or the moiLse a.s contraste«l with the rhinocenjs. But it is 
evident, from the gradual development of everything on this 
planet even to its own framework, that those higher organ- 
isms would not have existed but for the cruder forms which 
had gone before. To u.se a homely illustmtioii : when wo 
look at the small delicately-finished w'orks of a Cleiicva watch, 
we do not see in that machine the earliest form of a time- 
keeper ; we must go l)ack to the days when the first clock 
was invented — a great clumsy machine of wood and brass, 
standing in relation to the modem watch as an oxtinet 
megatherium does to a living mouse. Thus ns in art so in 
nature. The small watch would never have existed hut for 
the big clock ; and hut fur the giants of the tropical era in 
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Europe, the existing small indigenous animals and plants 
would not have the perfect struetore they represent. 

174. AnimaiB Diminuhed in Site but Inereaeed in Special 
during thin Epoch. — As the frigid half of the glacial year 
cliaiigod in the course of time from the diminution of the 
extended torrid zone, it gradually mingled with the warm 
moiety, producing an incipient spring on the one hand, wd 
a rudimentary autumn on the other. At first these embryo 
seasons were prolmbly of not more than a month’s duration ; 
then they extended to two months, until at last they reached 
their e(|uahlo division of the year into quarters, as at present. 
In progressing towards this altered condition of the tempera* 
ture, and the proportions of the solar heat and light that fell 
upon the earth, there was an increase in the genera and 
species of the vegetable and animal kingdoms, with an aug- 
mentation in the bulk of the arborescent plants and some of 
the animals. It would appear that the forms sulhcient for 
the alternations of two great seasons of heat and cold were of 
a simpler character than their successors, when the alterna- 
tions were more complex, and that nature providctl a higher 
couqmund oiganic structure to meet the vicissitudes of the 
four seasons. On the other hand, the scitsons themselves 
developed functions which altereil the natuni of these pri- 
mary oiganisms, so that now species and genera arose out of 
the Imrdicst of their progenitors that survived the rigours of 
the glaciid period, licneo we find fossil remains in the sub- 
sequent fresh-water formation, and terrestrial deposits in peat- 
bogs, of vertebrate animals, mostly such ns now live or have 
become extinct during the historical }>eriod. Of these, the 
most characteristic fossils ore the bones of the Irish elk 
{Magaceroa Hibernicus), a gigantic member of the deer tribe, 
which was abundant in the British Isles during pnthistoric 
periods; while a congener (Cervua alcea) is described by Csesar 
and Pausanios as existing on the continent in their time; but 
both animals ore now extinct. These, no doubt, were the 
prototypes from which the numerous elegant species of the 
extensive genus of existing deer have sprung; all of which, 
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l>e it observed, are smaller iu pioportiou; while a congener 
— the royal antelope— is the smallest animal of the kind in 
existence, its feet and legs being as slender as a common 
pencil ; while those of the extinct elk were as laigo as those 
of a race-horse. 

175. Destructive Animals Decrease in Species and Harm- 
less Animals Increase . — From the absence at the present day 
of any gigantic animals indigenous to Europe, it would ap- 
pear that the general effect of the epoch of the seasons has 
been to diminish in size those forms that survived the glacial 
period in temperate regions. It is also observable tliat where 
the species have incrciiseil abundantly they are chicUy of a 
herbivorous or harmless nature ; while carnivora or ferocious ' 
animals have decreased both in dimensions and species. This 
is most remarkable among the family of reptiles, especially 
the frog tribe, these harmless inhabitants of our ponds, no 
bigger than a wine-glass, being the representatives of an ex- 
tinct progenitor — the hibi/riutluxlon — having a body loiger 
than a hogshead, with capacious jaws fringed with tet^th. 
In like manner the diminutive lizard, found mostly in the 
southern latitudes of Europe, is the only living representative 
of the most wonderful and stupendous forms of the animal 
creation that ever existed — such as the itjuanudun, plesiusau- 
rus^ ichthyosaurus, ineyalosaurus, besides numerous species 
of crocodiles and alligators. Thus the advent of the epoch 
that ushered in the seasons was a jieriod when the destructive 
powers of the animal creation were succeeded by species of a 
preservative character, not only harmless in their nature to- 
wards man, but providing him with sustenance the most 
suitable to his omnivorous appetite. The sheep and the ox 
are peculiarly illustrative of this epoch; and hence, under 
the hands of man, they have become the most prolific of all 
animals. It is an open question whether man was in exist- 
ence during the tropical era in Europe ; and if so, how the 
animal and vegetable food obtainable would have preserved 
human life, or at all events sufficed to support man as a sen- 
tient being, if he escaped the ravages of the carnivorous and 
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poisonous monsters that were then the “ lords of creation.” 
It is evident that the world was scarcely fitted for man’s 
habitation during that period; or if he existed elsewhere 
than in European latitudes, he was of the very lowest type 
of humanity, os we now find him in r^ons where the quad- 
rumam dispute the lordship of the forest with the rude 
aborigines. Moreover, like an era of peace succeeding one 
of war in human annals, the epoch of the seasons was a 
period of animal repose, built upon the ruins of colossal 
organic energy of the most destructive character. 

176. Renuirkahh Chunges in ike Vegetable Kingdom . — 
In the vegetable kingdom we also observe a distinct change 
in the structure of plants^ with new functions not exercised, 
as far os we know, by the vegetation of preceding epochs. 
The most generally striking feature exhibited in this wide 
domain of observation is tliat of deciduous vegetation, or the 
annual fall of the leaf in autumn. Common as this pheno- 
menon appears to the denizens of Europe and North America, 
yet it is the most remarkable characteristic, of trees especially, 
that distinguishes the flora of the nortli temperate zone from 
tlmt of its southcni contemporary, and the great mass of 
vegetation Avithin the tropical zone. If an intelligent in- 
dividual, born and brought up in these i-cgions, where the 
vegetation is perennial or evergreen, and who had never seen 
a deciduous tree or bush growing, were brought to Europe, 
and witnessed the fall of the leaves in our forests during the 
month of October, it woidd be to him the most wonderful 
thing in nature. And if ho saAV our forests stripped bare of 
their foliage in winter, without being told of their renewal 
in spring, it Avould appear to his imagination os if the vital- 
ity of nature were dying for ever, and the end of the world at 
hand. 

177. Treea and Shruha change their Foliage from Peren- 
nial to Annual . — Now this remarkable feature of European 
vegetation has not always characterised its arborescent phints. 
In comparing the fossil flora of our coal-measures with the 
living flora of Australia, whore, as we shall presently see, the 
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trees and shrubs are all eTorgrcen, it is found that there is a 
reuiarkuble anolc^ between them ; therefore it follows that 
the vegetation of Europe, at the period of the carbouifuroits 
fonnatiou, was not deciduous. During ilio tropical era the 
succulent gigantic vegetation was of a similar perennial char- 
acter to what now exists within the trepics, so there was no 
regular fall of the leaf during that epoch. And as the glacial 
period destro^'ed all the gigantic species of animals, or reduced 
their organisms to a comparatively diminutive size, so did its 
rigorous climate in winter extir|.>ate the palms and cycads ; 
while the tree-ferns and stiginarias of giant ])roportious are 
now only represented by the humble fem-brake and club- 
moss. These hardy cryptogamous plants survived the glacial 
I>eriod, though immensely reduced in proportion from their 
progenitors ; but we have no geological data as to the proto- 
types of the flowering-plants which l>etleck the native wilds 
of Europe. As already observed, the structure of some 
sjiecies, such as the violet, is the most perfect known to 
botanists, inasmuch os it jtossesses all the parts of a plant, 
acconling to scientifle classification, which comparatively few 
plants possess, while numbers of species, especially tropical 
plants, are more or less defective in their organs. In the 
absence of data from fos.sil flora, wo can only refer to existing 
trr>pical flow'ers, which anj of prf»portioii8 gigantic and rude, in 
structure as the animals inhabiting these regions, and which 
are representative of those seen in fossil zoology. Under 
circumstances similar to those wliich, we have seen, tended to 
reduce the forms of species during the glacial period, we may 
suppose that the new generations of tribes, shrubs, and flowers, 
w'hich inaugurated the epoch of the seasons, were the remains 
of the primeval vegetation that cscapcid extir{)ation, and con- 
tinued to “ multiply and replenisli the earth ” during spring, 
summer, and autumn of each revolving year, until it reached 
the perfection it now wears. 

l'<8. Changes ‘of the Seasons lest known from the Flora 
of a Country . — It is here in the garb of flora that the seasons 
are best known to us in their popular division. We may 
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mark the tnetoorological changes of the year as conveying 
taiigiltle distinctions botwefen one season and another, and 
the ornithologist may toll vm of the migration of birds as 
indieating the seasons; but it is the wonderful changes 
that occur in vegetation — the budding, flowering, fruiting, 
and falling of foliage — that to the denizens of Europe sig- 
nalise the recurrence of spring, summer, autumn, and winter. 
The minute chronicler of the seasons is the gardener, who 
not only registers in his calendar the quarterly appearance or 
di.sappearancc of every bud, flower, or leaf, but each month 
has its special horticultural phenomena. Even the bleak 
winter season is not excluded from his almanac, and he 
completes the antnul rei»ort on vegetation by directing the 
culture of 

Spring flowers, and winter bowers ; 

Autumn fruits, and winter roots. 

179. The Four Sriutotui T;/jnrnl of the I'wf Perttuh of 
nenlotjiral Time . — To dc.scant upon the changes which the 
indigenous flora of Etirope undergoes during the year would 
Ijc foreign to the purpose of this work, ns it is presumed the 
rentier is sufficiently acquainted with its general character to 
understand aity inferences that might l)e drawn in support of 
the theory hendn advanced. In looking at these changes 
from an akstract ptnnt of view, with reference to their origin, 
it is not too much to say that, in their annual sncces.sion — 
from a point of wintry lifele.ssness, through a spring-time of 
floral birth, maturing in the bloom of summer, to an autum- 
nal <lecaj' — we witness changes that an* typical of the great 
geological epochs from whence they have sprung. Thus we 
may consider the period of the carlmniferous formation a.s the 
spring ep{K*h of the earth’s sempiternal year, which arose out 
of a primary era of karrenne-ss equivalent to the desolation of 
winter ; while the tropical epoch in Europe was the summer 
of its leviathan seasoii-s, which has Wen succoedotl by a 
pliocene epoch as its autumn, and by a glacial period usher- 
ing in an ejioch that may be considered the winter of these 
vast divisions of time, compared with which the diurnal and 
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anntial tevolutions that mark the seasons are hut ihflnitcsi* 
mal proportions ; ami, on the other hand, “ each day is as a 
thousand years ” of the vast perioils of geological time. 

180 . Nature Repeate itaelf in Living Chungee of Extinct 
Vital it g . — Viewing the recurrence of the seasons in this light, 
we see the past history of our jdanet throiigh an annual 
microcosm that presents the evciM;hanging nature of its con- 
stituent parts in their nmovation and decay. It must he 
observed, however, that in the org.uiic changes of the seasons 
there is an important difterence hetwoen them and the 
changes that occurred during the geological epochs. In 
what now takes place then' an? germs in the vegetahlo and 
animal king^loms th.at continue the powers of fructiheation, 
which produce siwcies and varieties similar in organs and 
functions to those of their pn>gcnitors. l»ut in tin? geological 
poriotls of time the first plants and zoophytes arose out of the 
generative slime appanuitly spontaneously ; and whiiii higher 
organisms wore propagated suhsequontly, they ci^ntinued 
fertile thnmgh countless generations until their «peci(!S he- 
camc extinct ; while tlu*y were lollowutl hy new forms speci- 
fically, and in some instances generii-ally, distinct. Notwith- 
standing this difference Wtween geological pi-riofls and annual 
seasons, there is a di«tant analogy which indicates the same 
vital principle at work in producing those changes. As wo 
find varieties in the flowers jiroduced from this same species, 
fixtra some casual change; in the climate or soil during the 
year, so may we multiply such changes hy myriads of years, 
and^then arrive at a specific distinction in the original plant. 
Time given, it is i^uite as easy to understand how one species 
})ecame extinct and anoth<!r spi'cies was brought into exist- 
ence, as it is to find a dwarf specimen of a plant, weak and 
dying, where formerly vigorous and healthy s^iecimens grew ; 
or vice versa, where a sickly decaying shruh one year, from 
some physical causes, renews its vitality and becomes the 
strongest tenant of the grove. As it has iK-en said of history 
in repeating analogous events, so nature repeats itself in all 
vital changes, however small or great the field of operation. 
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181. Migration of Birds a Vestige of the Glacial Period. 
— In like manner, whatever changes may have been effected 
in the functions or instincts of the animal creation through 
these vast periods of time, there still exist among living crea- 
tures vestiges df primaiy functions which they exercise dur- 
ing the course of years. For instance, the migration of 
certain species of birds at regular seasons we take to be of 
this character, as the result of the glacial period. If, as we 
contend, there were longer periods of extreme cold and heat 
than at present, the animal creation descended from the 
tropical ora would naturally leave their native latitudes 
during the rigorous season for more genial climes, and return 
dfiring the hot season by reason of their instinct to the place 
of their birtlu Where quadrupeds could migrate in this 
manner they have done so; but, as we have already ob- 
served, especially with regard to the British' Isles, their 
progress southward would lie cut off by water, and they were 
forced to remain through the cold season and become accli- 
matised or perish in the attempt. Not so with birds : 
possessed of greater jfowers of locomotion through the at- 
mosphere, unobstructed in their progress by sea or land, 
rivers, lakes, or mountains, they easily flew away from the 
cold season that destroyed their insect food to warmer 
regions M'here that was abundant at all seasons. Tlien, on 
the approach of the hot season, they woxild return to their 
native clime at the period of incubation. In all proliability, 
ornithologicsil mignitiun was then upon a much greater scale 
than we fln«l it at the present day. On the one hand, many 
species of birds wintered in Europe, as the season was bAken 
up by the autumn, remlering it less severe ; and, on the other, 
species of a more tropical nature were deterred from return- 
ing during the early period of the hot season when it was 
divided by spring — which even now is too cold for the 
swallow, the harbinger of summer, who makes but a brief 
stay in northern latitudes, and would bo the first to dicap- 
pciir altogether if they became colder, or remain longer if the 
spring and autumn l>ccame warmer. 
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182. Probability of the Seanom having jmesed their Climax. 
— ^Assuming that the tliminution of the tropical zone, from a 
greatly extended holt to its present limit, indicates the com* 
mencement of the epoch of the seasons at the close of the 
glacial period in Europe, it liecomes an interesting part of 
this inquiry concerning their present condition, whether they 
are before or after the culminating point — ^an equal division of 
the year into foiur parts. This is a very delicate and difficult 
problem to solve, but we are inclined to conclude they are on 
the decline towards a period when they will mote and more 
blend into each other so as to be less distinctly defined. The 
tendency of this diminution is to equalise the temperature 
throughout the year, having a lower standanl during the 
summer, with an extension of the winter season into spring, 
though the thermometer may not reach so low a degree as 
formerly. On this point there is much room for investiga- 
tion, which might throw new light upon the altcmtions of 
the 8ca.sons observed within the liistoric period. The calcu- 
Litions and prognostications of their attendant phenomena — 
in calendars, almanacs, and other works registering the 
weather, culture of plants, migration of binls, and the like — 
are based on the assumption that the four seasons are coeval 
with the creation of the world. Now, on every hand we 
may see that there is no phenomenon connected with the 
transcendent march of time upon the earth that is so evan- 
escent and ever-changing. 7'he very fact of their incessant 
changeability is a proof of their recent existence in geological 
time, and haring had a beginning, they will have an end; 
whilfe there is every probability of their having passed the 
culminating point, and that wo are now witnessing their 
downward march toward a consummation when, os four dis- 
tinct periofls of the year, they will cease to bo. It is there- 
fore important that those whose duties are connected with 
the registration and prognostication of the weather for pur- 
poses of utility should base their calculations upon some 
general principle in accordance with the natural laws that 
influence the vicissitudes of tho seasons, of which there can 
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be no doubt timt the diminution of the obliquity of the 
ecliptic is tho most important. Hitherto it has been treated 
as a phenomenon too insignificant to have any effect upon 
the rceumuico of each season, or the weather that prevails at 
stnt(‘d periods of the year. But when we consider the sen- 
sibility of the atmosphere to local influences — some geogra- 
phical, others meteorological, and even at certain localities 
agricultural — we cannot reject the theory that this general 
terrestrial phenomenon exercises its influence in some manner 
on tho weather and tho duration of each season. It may not 
be so apparent as to bo reduced to a fixed quantity in one 
year, but it is just possible that in a lung series of years its 
eflects may be traced. When we look at the records of the 
weather during tho latter part of the last century, and com- 
pare them with tho present, there are many remarkable 
changes, which meteorologists have not scientifically ac- 
counted for, that might be explained satisfactorily upon the 
basis of this phenomenon, which tends to create milder 
winters, and generally to distribute tho solar heat more 
equably throughout the four seasons. Even within the past 
decade of years tho mildness of the winters throughout the 
British Isles, compared with those in the recollection of a 
living generation, are the common topics of conversation at 
the recurrence of the festive season that follo>v8 the winter 
solstice. In vain the “ Christmas tales ” are told of jicnury 
and privatir>n from cold, or stories of gladness are published, 
illustmted profusely by picturesque landscapes bright with 
snow and ice. Notwithstanding these literary and pictorial 
foreciists of what the conventional vreather shouM be,* the 
“ old-fashioned " winter scarcely i)uta in an appearance. Art 
endeavours to pcTiietuato the fonner rigorous seasons by the 
semblance of a hoary monarch crowned with icicles, but 
nature refuses to obey its qiuisi-mngic power. Tliis was 
especially tho case during the winter of 186'8-69 which sur- 
passed its predecessors fur unusual mildness, when the rcVWre 
was expected by the weather-wise prognostics. In compar- 
ing the present with the post it has been remarked, that “ A 
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qiiestion of great interest is sxiggested by the consideration 
of the vreather whiclt now so commonly prevails during our 
winter months. It seems impossible to doubt that the 
climate of England has undergone a change of late years. 
In looking back over the reconls of the past quarter of a 
centur)’’, one notices a marked prevalence of mild and moist 
winters. Now and then there has been a bitter spell, but 
scarcely an instance has been recorded of long-continued 
frosts, such as used to bo experienced of old. If we compare 
the account given in Gilbert "White’s ‘Natural History of 
Selhome’ of the winter weather experienced less than a 
huntlred years ago, we an? yet more struck by the change 
which has taken place. "White’s account, for example, of 
the winter of 177fi, descriWs a state of things such as has 
not been seen in England for manj* years. The cold ■weather 
began on the 7th of January, and on the. 14lh tlie narrow 
roails were filled with snow to the top of the hedges. Fn?m 
this time the snow continued to increase and stopped the 
road wagg<?ns and coaclies, ‘which could no longer keep 
their KJgular stages, especially on the ■w’estem roads.’ On 
the 22il, White went to London, and he rciuarked that the 
metropolis exliihited a still more singular aj)pcarance than 
the country, being completely bf*dded in sno'w. The fro.st 
in the evening of the 27th, and afterwards for four following 
nights, was so intense that the Thames was frozen over both 
belcw and above bridge, and crowds ran over the ice. Tim 
snow remained twenty-six days without melting on the houses 
in the city.” * To account for the present mildness of our 
winters, the ■writer of the foregoing refers to the increased 
warmth and extension of the Gulf Stream to British waters as 
the immediate cause. Of this fact there can lx? no doubt ; 
hut as to the origin of the augmented temperature and 
volume of that great river of the Atlantic Ocean no satisfac- 
tory hypothesis has been put forward. Here we may ven- 
tv^6 to suggest that the contraction of the tropical zone 
might have reached a point where the intensity of the sun’s 
* ‘ Daily New*/ December 1868. 
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rays is more concentrated on the waters at the source of the 
Gulf Stream during autumn and winter than formerly. At all 
events, it is just possible that the diminution of the earth’s 
axis of inclination may be an element in producing the ob- 
served mildness of our winters ; therefore, vre recommend the 
suggestion to the notice of meteorologists. 

183. Difficulty of Prognosticating Changes of Weather . — 
Thus it is probable that further inquiry into the cause and 
cfTcct of diminution in the tropical zones might throw some 
light upon the mysterious changes of the weather, which 
sometimes defy the most experienced and learned meteorolo- 
gists to account for. Yet it is commonly supposed that no- 
thing is Oiisier than to prognosticate what changes may happen 
in a day, and everybody considers himself in some degree a 
judge of the weather. When w'c look forth into the country 
on a briglit summer day, with fleecy clouds passing across the 
blue sky, refreshing the fields and gardens with genial rain, 
wo are apt to view this delightful phase of the weather as the 
simplest thing in nature, whereas it is one of the most com- 
plex vicissitudes of the seasons. This will be apparent to 
th(! most onlinary capacity in the difficulty every person finds 
— oven the most weather-wise — in predicting the occurrence 
of fine weather. On the other hand, there is a little more 
certainty in forecasts of bad weather, although the best of 
these are not always to be relied on. In this country it may 
bo said that unsettled weather is the rule, and fine days the 
exception, throughout the year. Hence it is a matter of great 
importance, especially to the soafiiring community, to know 
btiforeliaud the probabilities of violent changes in the weather. 
Formerly the indications of a coming storm were left to the 
judgment of the mariners engaged to proceed on their voyage, 
and of course their observauons w'cro limited to what they 
saw in the weather immediately around them. It having 
been ascertained that these local indications of change or 
steadiness were only evanescent, meteorologists su^s^ 
that notices from distant localities' would bo surer guides if 
they could bo forwarded in time. Smeo the invention of the 
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electric telegraph yre have seen this suggestion put into ojM'r- 
ation, under the control of a Government deptutment, with 
considemhle success. 

184. The Duke of Bueeleueh on fhfi Advantage of Storm- 
SignaU . — In establishing this meteorological branch of the 
Board of Trade, no public body has clone more service to per- 
fect its arrangements than the British Association for tlx* 
Advancement of Science. Of their recent exertions to restore 
its operations, after a short interregnum on the death of Ad- 
miral Fitzroj, the Buke of Bucclench, as chaimiaii of the 
Assoemtion at their Dundee meeting in 1867, spoke as fol- 
lows : — “ Great efforts have been made, and with signal suc- 
cess, by the British Association fi*r the advancement of this 
science (meteorologj’), more particularly at Kew ObserA'a- 
torv. AVhat I and others have urged on the Government 
of the day is, the great imjwtanjte of having renewed and 
carried on what were called storm-signals at our differtmt 
ports. I do not mean that we have asked the meteorolo- 
gical department of the Board of Trade to turn themselves 
into weather-prophets, to give us forecasts of weather ; but 
as they have the power of ascertaining the i>revailing winds 
and storms by telegraphic communication over the whole of 
the countrj', and over the continent of Exiropn — over all 
the shores of it at lea.st — and to very distant parts, they 
can inform us where there arts great disturbance^^ of the ele- 
ments prevailing. For instance, there nniy l)c a tremendous 
gale of wind and storm on the south coast of Ireland, and in 
the entrance to the, Chsinnel. Well, notice of that is tele- 
graphed to Glasgow and to IJverpool, and to all the ports 
upon the west coast, and the commanders of vessels at those 
ports will hesitate to set sail when they hear of those tele- 
grams regarding heavy storms raging in the verj' part of the 
seas which they know they must enter and pass within a fe.w 
hours. This is of immense value and importance ; and I 
bnfeve much valuable property has been saved, and many 
valuable lives preserved, by the timely hoisting of the dnini 
signifying bad weather ; and those interested can easily, by 
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application, ascertain inrhero that bad weather is. At the 
Firth of Foitk I Itave seen the drum hoisted indicating tre- 
mendous stoniis and risks tliat may be run, and yet not a 
breatl} of wind blowin|| in that particular quarter, though we 
may have buun in the centre of the stonu which, perhaps, 
was niging in the extreme north. Yet, by projier warning, 
lUiiKturs limy have lieen hindered from putting out to sea; 
while some, who have not this simple warning, may have said, 
' Wo may just as well go out to sea, as there is not a breath 
of wind hero ; ’ but then come the newspapers, twenty-four 
or eight-aiul-forty hours afterwards, and tell of disastrous 
gales of wind and shipwrecks upon no very distant iKirtion 
of the coast" 



CHAPTER X. 

EPOCH OP THE SEASONS. — Continued. 

Occ.-isional disparity in the length of the seasoiia in Eurojie, § 185. — Great 
disparity in the m^asons of British North Ainerifa, 18<h - This disfuirity 
typical of the seasons at the glacial t)erio<l. 1$7. —Extremes of hot and 
cold weather in Northern China, 18S. — Vegetation around Shanghai 
adapted to extremes of tcint»erature, 189. — Plants of a teinj»emte ami 
tropical character growing at Shanghai, 19d. — Vegetation of the Hima- 
layan temjierate region of altitude, 191. — Seasons there analogous to 
those of the Al|>.s in Eiirope, 11^2. — In the Andes of South America all 
seas^ms are blended, 19:3.— Long KumniCr and short winter seasons of 
Australia, 194.— A second .s])ririg among vegetation after the scorching 
summer, 195, — No autumnal aspect in the forests of Australia, 196. — 
Peculiar »lie<lding of hark by the Australian trees in autumn, 197. —The 
seasons in Austialia reversed according to the months, 198. — EurojH^an 
plants growing there mark the recurrence of the .seasons, 199. — Austialiu!! 
seasons typical of the carl»oniferous era in Europe, 200.— Sea-sons in 
South Africa analogous to those in Au.stralia, 201.— European deciduou.s 
trees become evergreen in South Africa, 202. — Mountain waves off the 
Cai»e of Good Hoiks explained, 208.— Mudie’s account of tho violent 
spring in South Africa, 20 L — Seasons of New Zealand approximate to 
those of Great Britain, 205.— Spring the prevailing season in New Zea- 
land, 206.— Magnificence and jicculiarity of the forests in New Zealand, 
207. — Analogy betw'een the New Zealand flora and that of the carbon- 
iferous era in Europe, 208. — Return to the consideration of hemispheri- 
cal disparity of land and water, 209. — Extreme cohl of winter at the 
southern regions of South America, 210.— Concluding remarks on the 
past, present and future vicissitudes of the seasons, 211. 

185 . Oceanonal Disparity in the Length of the Seasons in 
J^'..rope . — ^Whtfa Are speak of tho seasons, ire naturally asso- 
ciate our ideas Arith their effects on vegetation and animated 
nature. On a barren rock or sandy desert, their varied 
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changes pass without leaving a mark behind ; and so, also, 
on the wide ocean, no vestige remains of their existence, save 
the glittering icebeig of winter melting under the heat of 
summer. It is only in latitudes, and on fertile soils, like 
those of the British Isles, that spring, summer, autumn, and 
winter present their separate aspects distinctly on the face of 
nature, dividing the year into four defined portions of time, 
and leaving behind many vestiges of their effects on the 
organic world. So well defined is their recurrence, and so 
important is their influ&ce upon the physical conditions of 
life, that the popular mind can scarcely suppose a country 
inhabitable where the seasons do not exist with the same 
regularity. To those, however, who live in tropical and 
arctic regions, these quarterly divisions of the year are not 
apparent ; in the former it is one continual summer, and in 
the latter winter prevails for nine montlis, while spring, 
summer, and autumn, are concentrated into the other three. 
The seasons in their equable succession are confined to the 
temperate regions, and even there they are restricted in their 
equal development In the foregoing section upon the wea- 
ther and division of the seasons, we have confined our obser- 
vations to European latitudes generally, and the British Isles 
in particular. Although wo have considered the popular 
division of the year into four eqmd parts as the best defined for 
ordinary purposes, yet it is only conventional, for in reality 
wo find winter running into the spring months, spring into 
the summer months, and so on with autumn ; so that at the 
best their occurrence as to dates is only approximate. Not 
only is this the case, but one season may be prolonged in a 
particular year or shortened in another ; of course, when this 
occurs, the other seasons ore curtailed or lengthened accord- 
ingly. For example, a long winter may happen, of four or 
live months’ duration — as it did in 1866-67 — ahd be suc- 
ceeded by a short spring and summer. In this manner a 
record of the seasons during a number of years would exhil't 
a great disparity in their duration over or under the allotted 
three mouths to each, probab^ no two years being of equal 
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proportion in ton or twenty. Wliere tiiis disparity is uncer- 
tain in European latitudes, it approaches a more constant 
form in other parts of the north hemisphere. 

186. Great DiejHirity in the Seoi^tis of liritUh North 
Ainerica. — In the temperate regions of North America, the 
sununer and winter take up aWut two-thirds of the year, 
leaving only ouc-third for spring and autumn; hence the 
extremes of heat and cold are greater there than in Europe. 
“ In Canada, and that not in the hottest parts of it, in the 
summer season the thermometer riles to about 102° in the 
shade, and in winter it sinks to at least 36° below zero or U 
of Fahrenheit’s scale. This is 68° below the temperature at 
which Avatcr freezes, ami a degree of cold of which the in- 
habitants of Great ih'itaiu have but little conception. One 
hundred and thirty-eight degrees, or thereabouts, is the 
average temperature between the two extremes of the Cana- 
dian seasons ; and when Urn difference is so great, we can 
readily understand that a cousiderable time, os well as great 
power in the agencies, must l)e requisite in order to {hiss 
from the one of them to the other. The extreme heat of the 
summer prevents the winter from setting in so early as it 

does in countries where that extreme is less rigorous 

The labour of the sjtring in those wild countries is almost 
entirely confined to the removal of the winter snow ; for, by 
the time the snow and the snow-water ore gone, both the 
temjieiature of the season and the appearances of the w'ild 
plants, have a character deserving the name of summer. 
This summer comes on apace, and its productiveness both in 
vegetable and animal action is as remarkable as the stagna- 
tion of the energies of life and growth which reigned during 
the winter.” * 

187. ThU Dispanty Typical of the Season* during the 
Glacial Pmorf.— -Here, then, we have a region where the 
disparity in duration of the seasons is considerable — the 
Ifeigbh of winter 'and summer being at least double that of 
spring and autumn. In this respect it approaches to what 

* ' Spring,’ by ^Robert Mudie. 
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WO may conclude the eeaeons were in Europe dating the 
glacial period, when the heavy falls of snow remained on the 
ground for six months, and in hollows on the mountains all 
the year round, where the heat of the summer only sufficed 
tu thaw it partially at comparatively low altitudes, so that 
glaciers covered the rocks in Scotland at places not a hundred 
feet aV)vc the sea-level. Of course America at that period 
was subject to the same influences, and these latitudes 
where the above extremes are now experienced, and which 
correspond with the middle latitudes of Europe, must have 
undergone the rigours of an arctic winter. Yet from the 
fossil remains found in its strata, there are abundant data to 
conclude that, prior to the glacial perio<l, a tropical epoch 
prevailed there os in Europe, the flora and fauna of which 
were analogous. As before observed, this suggests the idea 
that the two continents were then united by what is now the 
bed of the North Atlantic ; and if so, M-e would have ad- 
ditional data to account for the glacial pcrio<l by reason of 
the extremes of heat and cold on continents, which do not 
prevail on islands. 

It38. Extremes of Hot and Cold Weather in Eorthem 
China. — In the middle latitudes of Asia the disparity of the 
seasons is similar to that of North America, with analogous 
extremes of heat and cold, and a long range of thermometer 
throughout the year. This is most observable in North 
China at the sea-level, or a few hundred feet above it At 
I’eking (lat 39° 54') the thermometer rises to 115° in- the 
shade during an ordinary summer, and sinks to 15° below 
zero in winter, thus giving a range of 130°; and in some years 
it has been known to extend to ten degrees more, equal to, if 
not exceeding, the Canadian range of temperature. Peking 
has a mean annual temperature of 52° 3', or more than 9° lower 
than Naples, which is situated a little farther north. The mean 
winter temperature of Peking is at least 5° 4' below freezing- 
point ; while in Western Europe, at Paris (lat. 48° 60*), it L 
6° above it; again, the winters of Peking ate 4° 5' colder than 
those of Copenhagen, though the latter is situated 17° of lati- 
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tads farther north. This rigorous winter, with quite a tropical 
simuner, extends throughout the greater part of Nortli China. 
Having been resident some years in that countiy, we can 
vouch for the excessivu heat and cold ex])erienced by the in- 
habitant, and the rapidity of the gruw’th and decay of its 
vegetation. Winter is tnUy a season of barrenness, w'hen 
the mountains, valleys, and plains ore strippuil of every 
green thing, giving an air of desolation to tlie landscape that 
has no coimterpart in even the poorest lands of Eunqie. 
This arises chiefly from the circumstance that in China Proper 
the f^ile lands are laid under cultivation witliout any 
hedgerows or gras.s-land8 intervening, wliilo on the hill- 
countrj" the brushwood and trees have l)een cut down for 
fuel or building purposes. Hence the surface of the ground 
is everywhere denuded of vegetation at the close of the short 
autumn, presenting a scene of sterility to the traveller that 
ill accords with the 1*oasted title the Chinese give to their 
country of “The Central Flowery Ijaud.” But let 

him revisit the same region in snminer and the whole scene 
is changed ; st-arcely a Ixire 8p<»t of ground is visible, from 
the universal mantle of green that covers the earth eveiy- 
wherc, even up the steep acclivities to the mountain -tops, 
where native industry has compelled the stubborn soil t(» 
yield some vegetable product for the fowl of man and animals; 
while thp ganlens, groves, and even wild thickets are }»ril- 
liant with the livery of Flora, maintaining to the full the 
flowery appellation Ijcstowcd upon that (extraordinary emiiin* 
by the sons of Han. 

189. Vegetation around Shanghai adapted to Extremee of 
Temperature , — During the height of summer, when the greatest 
heat and humidity prevail, under tho influence of the south- 
west monsoon, the profu.se vegetation in the middle latitudes 
hetw’een the cold and hot regions of China partakes consider- 
ably of a tropical character, while in winter almost on arctic 
^::>i:bnness prevails. This is especially the case on tho low 
lands of the province of Kiang-soo, formed by the delta of the 
great Yang-tsze river, of which Shanghai is the central out- 
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port. In tbo environs of that city and foreign settlement, 
wo have seen plants growing luxuriantly in the stifling atny>- 
sphere of June and July, saturated with humidity, which 
horticulturists class as hothouse plants, that would perish in 
the open air if exposed to the comparative mildness of an 
English winter. Yet these trees and shrubs brave the rigour 
of a {Shanghai winter, when the cold north-cast monsoon de- 
scends from the Tartarian Alps, and reduces the temperature 
at night in the depth of the season to zero, or only a few 
degrees above that point. We have even seen the fan-palm 
retain some of its leaves, although enow clung to them during 
winter for six weeks ; and where, under ordinary circum- 
stances in Europe, we should have expected the plant to have 
been killed, it resumed its wonted luxuriance in the folloAving 
summer, as if the frost and snow had never touched its stem 
or roots. In like manner the bamlioo shoots up to a height 
of 50 or '60 feet in the hot weather, growing with such 
ntpidity that you can almost see the process going on ; and 
yet this plant retains its vitality during the rigorous winter, 
although the rapidity of growth is reterded. This power of 
acclimatisation in plants now existing is evidence that, even 
during the early part of the glacial perioil in Europe, the 
previous tropical vegetation lingered on in its confines and up 
to its climax, while the extremes of heat and cold prevailed ; 
and it was only when these blended with spring and autumn 
that the equable temperature extinguished their species. 

190. Plants of a Tenvperaie ami Troi>ieul Character ijroicing 
at Shanghai. — Another remarkable feature, bearing upon the 
same point, we olwierved in the acclimatisation of jilants at 
Shanghai, was the growth of certain shrubs and flowers of an 
ordinary temperate region, some European, which retedned 
their vitiility during lioth extremes of heat and cold, but only 
flourished in the short spring, which rarely lasts Iwyond two 
months. It was carious to seo these humble children of Flora 
growing by the wayside, or rearing their flowers and branchej 
near a grove of palms, and jmssing through the process of 
budding, flowering, and seed-time all within that short season; 
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then Tsnishing £tom the copse at the approach of the tropical 
h^ts, not to reappear ontil the lapse of about ten months. 
From this fact we can also understand how the existing tem- 
perate flora of Europe struggled thnnigh the glacial periml, 
leaving a limited number of species fmm which | to propagate 
at the commencement of the epoch of the seasons. Then, os 
the spring and autumn expanded their equability of tempera- 
ture thnmghout the years, disarmmg winter of its rigour and 
suntmer of its tropical heat, these humble plants grew in 
sise and extent until heaths became ehrul>s, and shrubs the 
monarchs of the forest. In its development the vegetation of 
this new epoch wai« evidently slower than that of its pretle- 
cessor, and from that circumstance the trees and shrults have 
acquireil those exogtmnus juxiporties of harilnoss and durabil- 
ity which endogenous tropical tree.s and shnilw never attain. 
It will also W olKscrvcd from these examples of tropical veg- 
etation growing luxuriantly within the north semitcinperate 
regions, that the zonu.s of vegetation marked out by botanists 
in their theories of the geographical distribution of plants are 
only approximate, and the exc«;ption.s may become the rule in 
certain localiti^, as at Shanghai and other places in North 
China. ' Thus, as we have seen, as the diminution of the 
obliquity of the ecliptic has been overlooked by astronomers 
as an important element in the regulation of the seasons, and 
by geologists in furnishing a guide to the phenomena of ex- 
tinct epochs, so have botanists set aside the exceptional data 
of semitropical floras in endeavouring to retain intact their 
theory regarding zones of vegetation — exceptions to the rule 
which, according to the line of argument adopted in this essay, 
meant to lead to the solution of some problems in the natural 
history of our planet, as revealed by geology, which are still 
unexplained, 

191. Vegetation of the Himalayan Temperate Region hy 
Altitude . — In the foregoing examples of the exceptional char- 
presented' hy the vegetation of Asia, it is important to 
note that the localities are near the level of the sea, os there 
are still more striking phenomena exhibited in temperate 
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latitudes where the land is elevated many thousand feet above 
that level These are seen in their grandest features in India, 
on the Himalaya Mountains, where the zones of vegetation in 
altitude comprise all the characteristics of the latitudinal zones, 
with fewer exceptions to the rule. ‘‘ Mountains placed be- 
tween the tropics, the sununits of which ascend above the 
snow-line, represent the vegetable zones of the whole earth* 
rising one above the other, in the same order as is observed in 
the direction from the e([uator to the poles. Proceeding from 
the level of the ocean in the temperate and frigid zones, we 
perceive, as wo ascend the elopes of mountains, that plants 
decrease, not only in the size of individuals, but also in their 
numl)cr. At a certain height trees will not grow, still higher 
shrubs also disappear, and at the limit of snow, mosses and 
lichens alone are found. The same appearances are remarked 
under the tropics, with this difference, that here the mass of 
vegetation is found to be more limited in the plains than in 
the lower mountain-regions. .Such, also, is the case with the 
greater varieties of species which, in common with these, ile- 
crease in an upward direction ; and this remark is applicable 
to the other zones, especially the temperate ; since, in the cold 
zones, the plants of higher regions cannot differ much from 
those of the plains, Ixtcauso the snow-limits have but little 
absolute elevation. Ik'sides, the distance of the limits of trees 
and shrnlM from the snow-line is greater in the torrid than 
in the temperate and frigid zone.” * 

192. SetMom there analogom to those in the Alps of Europe. 
— In those elevated regions the seasons vary in duration ac- 
cording to the altitude, from almost a continuous winter at 
the line of perpetual snow, to a long summer in the deep 
valleys at their base. At the same time, acconling to Hum- 
boldt, “ The chain of the Himalaya is placed far beyond the 
limits of the torrid zone, and scarcely is a solitary palm-tree to 
be foxind in the beautiful valleys of Kumaouu and Garhwal.” 
Here the vegetation partakes of the characteristics of £iurdpcv.a 
plants. ** On the slope of the Himalaya, under the shade of 
* Johnston’s ' Physical Atlas.' 
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Um deodan and the broad-leared oak, peottliar to these Indian 
Alpe» the rocks of granite and of loica-echist an covend with 
Y^table forms almost similar to those which characterise 
Europe and Iforthem Asia. The species an not identical, 
but closely analogous in aspect and physiognomy — as, for in- 
stance, the junipt'r, the Alpine birch, the gentian, the marsh 
poruassia, and the prickly species of rilMva." * The fact that 
plants of these kinds, well known to Houtish only in temperate 
latitudes, grow on the llhnalaj’as, is proof that the st^asoiis 
there approximate iu duration to those which prevail on the 
Swiss Alps, having a hmg winter sea-son, with a hrief spring, 
summer, and autumn. 

193. In the Aiuhe of tfoitth AmcricAi all Seaeum are 
blended . — In like manner, at certiiin altitudes in the Andes 
of South America a temperate zone exists, with a climate of 
a similar character, but subject b) more rapid transitions of 
temperature, occa.siouing mountiiin-stoniis in winter which 
suqiass in violence any that occur in northern F<un>|M)an 
latitudc-s. Notwitii.sbiii<iing the astonishing bulk ami eleva- 
tion of the llimalay.i, “they cannot, from their geographical 
position, [>re.sent the same inexhaustible variety ol' jtheno- 
mena by which the latter are charactoriscHl. Thero are some 
spots in the Andes whenj the mountains are suddenly cleft 
into valleys of greht depth — where a traveller can stand on 
the same rock and see the extreme vegetation of India below 
him, and the sterility of Lapland aliovc. When the rains 
have fallen for .some time, the evaporation produced by them 
lowers th& temi>erature and brings frost and snow upon the 
mountains ; and the snow-storms there are terrific compared 
with what they are even in the regions of the extreme north. 
. . . Countries in which drought and rain are still the chief 
and only causes of difference of season, and which are subject 
to such variations of weather, have many returns of spring in 
the course of the year. The temporary snows speedily melt 
those places where snow is not perennial ; and as the 
fall is of sufficient depth entirely to cover the vegetation, the 
* Hamboldt’i ' Cosmos.’ 
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effect of the brief enowHitonii after it is gone is very aimihur 
to that of the winter anowa of the north when melted by the 
ardour of the apring. Vegetation is wonderfully reftrahedf 
and sprouts and blooms with the greatest vigour— so that, 
though tlie plants of such places are peculiar in their species, 
they are etpially remarkable for their beauty and the vigour 
of their growth. All seasons of the year may be said to be 
blended together in these singular countries.” * 

194. Lonff Hummer and Hhort Winter Hecusons of Australia. 
— AVhile the temperate zone of elevation in South America 
is clmracturised by these anomalies in the recurrence of the 
seasons, there arc other regions in the south hemisphere at 
lower elevations where the seasons are so genial that winter, 
even according to tlie mild standard of the south of England, 
is unknown. This is characteristic of the climate generally 
in the tempenite regions of Australia — places having corre- 
sponding latitudes exhibiting remarkable contrasts with those 
in Ea.stern Asiii. AVe have seen that at Shanghai, in laL 
31° 15' N., the thermometer falls nearly to zero in winter, 
with heavy showers of snow, remaining on the ground for 
more tlum a month. Ifow at Sydney, in lat. 33° 51' S. — 
two and a half degrees of colder latitude — the thermometer 
rarely touches the fruezing-iK>int at night in winter, while 
snow luis been only known to fall once or twice on the 
streets and house-tops, and then to melt rapidly under the 
morning sun. On the other hand, during the height of sum- 
mer it is intensely hot, with the thermometer rising to 110°, 
and sometimes 115°, in the shade. But in consequence of the 
pecidar dryness of the atmosphere, and other influences which 
wo shall refer to in the tliird piui of our subject, the heat is 
less oppressive to man or animals than in the dog-days of 
Europe. From being situated in the opposite hemi^here, 
the hottest months are those of December and January, when 
they are the coldest with us in Groat Britain. But it may 
bo said that both are seasons of barrenness, as far aa the 
growth of temperate vegetation for purposes of food is con- 
• > Spring,' by Robert Mudie. 
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cerned — ^the one from extreme cold and humidity, and the 
other from excessive heat and aridity. While the pastures 
of England are covered with snow, refusing nourishment 
to cattle and sheep, those of Australia are {tarched up, 
with only scanty tufts of grass and muddy pools of water to 
sustain the flocks and herds of that great pastoral land, caus- 
ing the deaths of thousands aitd tens of thousands of live 
stock from the want of sufficient food. The seasons there 
may be classed as a short spring, a very lung summer, with 
the autumn and winter having no clear definition as in 
Europe. In illustration of this prolonged warm season, it 
may be mentioned that, in the kitchen-ganlens of Sydney, 
green pease are raised during nine months of the year. At 
Adelaide, in lat. 34'’ 55', similar seasims prevail ; but at Mel- 
bourne, in lat. 37° 48', it is cooler during the munth.s of June 
and July, when the season corresponding to our winter sots 
in, which increases in rigour at Hobart 'I'own, in lat. 42° 53', 
where water occasionally freezes at the sea-level, and the 
adjacent mountaias are covered with snow at their summits 
for months. 

195. A Secoiifl Spring among the Vegetation after the 
Scorching Heat of Summer. — Not only is the duration of 
the seasons in Australia diil’erent from what occurs in cor- 
responding latitudes of the north hemisphere, but there is 
something anomalous in the season that follows the scorching 
summer, which gives it more the character of spring than 
autumn. As the hot blasts from the north cease towards the 
close of February, they are followed by cool gales from the 
south, generally accompanied by rain, so that the parched 
soil swells with the moisture, and closes up the gaping fissures 
on the land. Then the j>a8tures, tliat by this time are more 
or less reduced to dust by the hot sun and bush-fires which 
annually occur in the summer, begin to send forth fresh 
blades of grass, and though no sward of turf is formed, the 
pjatfis and open forest-lands are green with verdure. Not 
only do grasses gpring forth during this anomalous autumn, 
but small flowers of orchideous tribes bloom as in spring if 
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the roots have survived the droughts of summer. On the 
other hand, deciduous fruit-trees of European species, if they 
vrithstand the excessive heat, shed their leaves at this season 
as in their native country. As alreatly observed, the indigen- 
ous trees and shrubs of Australia are evergreen, and their 
foliage is of that character that it is most luxuriant in the 
heat of summer, when deciduous foliage is drooping and 
shrivelled up. At the approach of the autumn season a 
curious phenomenon takes place, which may be considernl 
equivalent to the fall of the leaf. The liark of the trunk 
and branches peels off naturally, as clean as if it was stripped 
by human agency ; and where the ground would have been 
(hovered with foliage, as in Europe and America at the “ fall ” 
of the year, it is strewed with strips of Ixirk, which dangle 
in the wind and drop from the trees in long riblions. Tliis 
curious phenomenon is most observable in the white gum- 
trees, which ac(}uirc a snowy-white new bark when the old 
one is shed, pre.scnting a remarkable contrast to the fresh 
green leaves on its branches. 

196. No Autumnal Asy/ee/ in the ForeMs of Australia . — 
'flius, while the trees rejoice in the leafy reign of summer 
from year to year, it is especially characteristic of the sea- 
sons in Australia that snow never falls at the sea-level, and 
the mountains are covered to their summits with eveigieen 
arixtrescent vegetation. “ Australian trees, as well as shrubs, 
are perennial evergreens. Hence the forests of that vast 
island are verdant with foliage all the year round. There 
is no autumnal fall of the leaf, consequently there is scarcely 
any soil fonned in the woods by decayed leaves. As there 
is no general denudation in winter of the leaves from the 
branches, so, when spring-time comes round, no universal 
budding takes place to renew the charms of that season, as 
in European forests. The well-known American expression, 

‘ fall of the year,' which is derived from its deciduous vege- 
tation, is in this southern region inapplicable. There is' a 
stereotyped aspect, if we may so term it, about Australian 
forest-scenery, so that its general effect upon the mind is that 
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of monotony. This impression is likewise assisted by the 
smnbte green colour of the foliage, censed by the dark tint of 
tire ohloiophyle that constitutes the colouring matter of tiie 
leaves. Although the country is open and gnusy, and the 
oliniate clear and sunny, yet there are no warm green hues 
in the forest-landscape in spring, nor the rich glowing tints 
of autumn. A unirerstd soiid>it<nes.s would thus prevail were 
those etfei-ts not t?onsidembly mo^liiied )»y the unusual stnic- 
turo t>f the leaves and Imrk of the trees btflonging to the 
genus fimthjittun, which form, on an averagt*. four-fifths of 
tite forests in the te!U|KT.»te regions <if Australia. It is well 
known that in forests of deciduous tn‘e« the heaves project 
horizontally from the leaf-stalk, .showing a distinct upper and 
under side in the structim' of their veins, parenchyma, and 
epiilenuis. This po.sitioa of the leaves gives that umhragu- 
ous foliage tp Kumjkuui fon-st-trees whieh is well marked in 
th»* .^ycalu<^^e and elm. In Australia, on the contrary, guiu- 
tree.s aiul their congenera have their leaves ploc'cd veftienUy 
upon the lfaf-.stalk, Isith sides Isdiig of the. same structure, 
like the mistletoe-leaf. (.’oiise<pu*ntly there is ubuntlance of 
light fnun altuve piercing lhe.se fonv^ts, remiering int»rc chotjr- 
ful what Would othenvi.se Ijc gloomy in the Australian land- 
scape, and ]>ermitting the sun's rays to penetrate thrr»ugh the 
foliage so os t<i fall upon the Iwilliant-culoured liowers and 
gHLss which cover the open forest-lauds, a.s it were, with a 
beautiful carpet. ^Moreover, the leaves of this class of trees 
arc rarely more than an inch wide and live inches long, being 
simple, acute, and sciinitar-sha]>ed, the branches liut thinly 
covered with foliage, and the trees wide a])urt; so that, except- 
ing their monotonous character, the ojjen forests of Australia 
are cheerful to the traveller, salubrious to the settler, ami 
are always well lighted up by the sun and swept by the 
breeze,” 

197. Peculiar Shedding of Bark hy the Tree* of Amtralia 
in Autumn . — “The autumnal Ml of the leaf is likewise in 
some measure represented by their annual decortication, or 
natural stripping of the bark from the trunks and btanuhos 



of the giini4nea. . . . The appeeiaiiee of a white gnm^ 
tree foreet hae no counterpart in the northern hemispheie. 
From the hero of the trunk up to the minuteet hronehM the 
bark of the tree ia perfectly white, and the learea of a leek- 
green colour. Ite general aapeet in that which a foreet of ash- 
truee would have if their etema and branchea were white- 
woahcd. Their trunks, alao, are generally naked for about 
two-thirds of the way up, and the branchea above that pro- 
ject at nearly right angles from them, while the amaller 
branches fn.*quently shout up vertically. The leaves show 
the 8]>eciiic character of the foliage alluded to, {>articularly 
their leathery structure. (Jn lacing crushed in the hand an 
essential «)il is expre-sscil from them, which is contained in 
Ciivities to preserve thc3m during their i>ereimial existence, 
and to enable them to w'ithstand the aridity and heat of the 
climate.” * 

19t<. The SetuniM in Ait»tralia revereetl according to the 
Monilm , — If we compare the phenomena of the seasons in 
Australia with wliat occurs here, the exceptions in Kurope are 
the rule there. B«;ing situated in the opposite hemisphere to 
llritain, its seasons arc exactly the reverse of ours. July ia 
the middle of winter, and January of summer. The festivi- 
ties of C’hristmas and of the New Year are celebrated there, 
not, os in the old country, with doors and windows shut, 
and a cheerful lire to dispel the winter cold, but amid the 
oppression and the heat of summer, with doors and windows 
open to invito the refreshing breeze. We no longer hear, in 
this Australian climate, of the gentle south wind, nor of 
“ rude Boreas, blustering railer.” The north is there the 
region of heat, .os the south is of cold. While the extremes 
of heat and cold occur in the opposite months of the year, 
the division of the seasons into spring, summer, autumn, and 
winter, is by no means so clearly defined as in this country. 
In the island of Tasmania, where the climate approaches more 
to that of England than the mainland of Australia, whhn 
the snow falls on the mountains it remains for weeks and 
* S. Moasraan, io Bhind's * VegsUbIs Kingdom.' 
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months, according to altitude, and there is a decideil winter. 
The spring and autumn are short and indefinite ; while the 
summer begins in October and lasts from live to six months. 
In Victoria the winter prevails in a milder degree, except in 
the vicinity of the Australian Alps, where it is rigorous on 
the elevated table-lands. Northwards, through New South 
Wales, it varies according to latitude ; and within the tem- 
perate zone the spring and autumn become less markeil 
towanls the Tropic of Capricorn at Queensland. There the 
cold season is so mild that it cannot be called winter in the 
sense known in Eurojie ; ami as vegetation is luxuriant all 
the year round, the seasons may be divided into six months 
summer, and six months spring and autumn. 

199. JSiiropean Plnntg mark the recurrence of the Seasons 
there . — “ The anomaly of this division of the seasons is, to a 
certain extent, more apparent than real. Their separation in 
the northern hemisphere is plain and obvious, in consequence 
of the deciduous vegetation that prevails — the budding in 
spring, the blossoming in summer, the fall of the leaf in 
autumn, and the denudation of foliage in winter. Without 
these marked changes in the vegetable kingdom, we should 
be at a loss to divide the .scasfms. In Australia, the trees and 
shrubs being evergreen, the foliage apparently never dies; 
and it is oidy by the dowering of plants and the appeamnee 
of grasses, insects, and small animals, tliat even the indefinite 
division of the seasons can be made out. Of course decidu- 
ous trees and shrubs from Europe, when transplanted, shed 
their leaves and shoot forth buds at periods analogous to 
their seasons, and even these remain longer on the boughs 
than in their native country, with a shorter season of de- 
nudation. As they become acclimatised, this retention of 
the leaf increases, in some trees more than others, such as 
the oak ; and there is reason to conclude that in time this 
tree and others may become evergreens, like the South 
. AfHcan oak, which was imported many centuries ago from 
Europe, when it was deciduous, but now it is evergreen. 
It has been observed that plants from Europe, and other 
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ozotic regions in the north hemisphere, rapidly become 
accliinatuod in Australia ; while the contrary is the case 
among Australian plants brought to Europe. The horticul- 
turist has not yet succeeded in changing the flowering season 
of many spticies from the indigenous summer in December 
and January, to June aiid July. Hence the Australian 
heaths are the gems of our winter gardens. Thus it would 
appear that the Australian flora clings to its own climatic 
liabits in a strange clime with greater tenacity than most 
others. This may arise from the hard woody fibre of the 
stems, and the essential oils that ])crva<le the foliage. 
Though easily destroyed by frost, they will stand the greatest 
heat without injury, from possessing these properties. Hence 
the eucalyptus or gum-tree can stand the hot blasts of the 
sirocco, while the cold <lamp air of England would destroy 
that monarch of the Australian forest.” * On the other hand, 
this genus of trees has been successfully reared by the French 
in Algeria, where the simoom of the de.sert has no damaging 
effect on the foliage in summer ; ami the dry mild winter in 
tliiit region, acconls with the Australian season at a corre- 
sponding period of the year. 

200. Australian Seasons typical of Carhmiferous Period in 
Puroiie . — Although there is this disparity in the duration of 
the seasons and their attendant phenomena in Australia, as 
comparetl with those of Europe at the present period, there 
exist data for concluding tliat, during the carboniferous era, 
analogous atmospheric and vegetable phenomena prevailed 
in Europe. In the abundant fossil remains found in the coal- 
measures of that early formation, the general characters of the 
extinct European flora and the living Australian flora are 
remarkably similar. This is not only the case with the 
arborescent ferns that enter largely into the coal-deposits, 
but the conifers that chiefly formed the bituminous kinds of 
cool ore identical with the araucarias of Australia, while 
those are distinct in their tissues from any other class ^ 
conifers in tint north hemisphere. Botanists have discov- 
* ' Our A.iutmlian Colonies,' by Samuel Mouman. 
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ered, in examining thin layers of fossil conifers through 
the microscope, that they present a double-dotted tissue, 
-while the extensive pine tribe, of conifura of Europe and 
America have tliem single and in rows ; whert«s the Arau- 
caria ejrcel«a and other Australian pines show exactly the 
same structure as the fossils. As these araucarias grow only 
in the warmer latitudes of the temperate regions of Australia, 
and cannot survive an English winter, wo may conclude that 
the British Isles, during the earlwnifcrous era, possessed a 
climate and duration of seasons similar to what now prevails 
at our antipo<les. 

201. af South Africa anahujous to thm of AuMra- 

lin . — In the tenijM-nite regions of South Africa the duration 
of the seasons, and their attendant natural phenomena, very 
much resemble those of Australia, at lca.st in their general 
characteri.sties ; for in detail they have many specific variations. 
Jloth regioius arc subject to extreme heat anti aridity, and long 
droughts are succeecled by devn.stating lloo«ls. “ Southern 
Africa is the country upon which the south wind tells with 
the greatest ellect. Though n<it exactly in a tropical latitude, 
that country gets exceedingly hot and ))arched during the 
southern summer. After the heat has dried up the vegeta- 
tion (and it has iM^gun to do so before tlu; wind shifts to the 
south), this wind often blows -with excessive violence, and 
its drying anil parching qualities arc extreme. It licgins 
with what is really the vernal equinox in that country — 
namely, in Septemlier — but the vernal equinox there, os 
regulated astronrimically, is anything but a spring-time upon 
the earth. The violence of the wind is often terrific ; the 
waves off the Cape roll in congregated ridges, mountain upon 
mountain, almost as high as the topmasts of a ship. This is 
the ‘ south-easter off the Cape,' so well known to na-vigators. 
It comes from the sea, not at all deficient in moisture •, but it 
comes from over cool water to sweep along a dry and heated 
^ laftd. The heat ttfimparted to it, and it speedily dries up 
all the remaining moisture, withers every herbaceous plant to 
the ground, and shrivels every leaf. Tlie heat is excessive. 
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and the clouds of dust during the squalls are most annoying; 
so that the people of Cape Town are obliged to close their 
doors and windows, and shut up every opening of their houses, 
until its fury abates. But, notwithstanding the desolation 
which it spreads over the fields, and the annoyance which it 
gives to the inhabitants, it is still the healthy wind of that 
j)art of the worhl, and they term the part of the year during 
which it blows * the good monsoon.’ It is not a constant 
wind, but rather springs up in the forenoon, just as the 
soa-bri'ezcs do in some parts of Britain and many other 
countries, an<l the intensity of its drought bears away ever}' 
Kjteoies of noxious vapour, so tlmt its effect is healthy.”* . 

202. fJiirojKan Dficidimu T rees liprome Evertjreen in South 
Africa . — Some of the oksen-ations in the akjve extract re- 
quire ({unlitication ; and in correcting what is other\vise a 
graphic ilescription of the effects of a CajH* “ south-easter” we 
s{>eak from experience, having twice visited the Cape colony, 
anil twice roundwl the Cape during the hot s<‘a,son. With 
reference to the trees, shnibs, and held-jilants being .«!lirivelled 
up by that wund, it apjdies only to European and other 
northern vi^etation transjilantcd to Africa; for the indigenous 
flora flourishes in spite of it, ns w’e have found it does in 
Au.stralia. For instance, the heatlis, tho.se lieautifid and num- 
erous spi'cies of the genius Erica that adorn our conservatories, 
are like the Australian heaths of the genus Eimcrif, and with- 
stand the hottest blasts of summer ; while the native shrubs 
and trees are evergreen with leathery leaves, analogous to the 
gum-trees of Australia, which are now to lie seen growing 
luxuriantly at the Cn]x$ ; so that it is the exotic vegetation 
which sutfers from the heat in South Africa. Some species, 
however, when acclimatised, such os the African oak, already 
mentioned, not only suridve the excessive heat, but their 
foliage becomes evergreen, while other plants that are annual 
in Europe become perennial there after a time. The same 
phenomenon happens also in Australia, whttte, in Quecnslaiid, 
the sea-island ” variety of cotton-plant, which is annual in 
* * Spring,* by Robert Hudie. 
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North America, has become perennial in the course of not 
more than twenty years’ culture. This remarkable property 
of the climates in the south hemisphere as compared with 
those in the north, will bo discussed more fully in the divi- 
sion treating of the atmosphere, w’ith a view to show that it 
arises from the difference in the chemical properties of the 
one aerial hemisphere fivm the other, irrespective of heat, 
aridity, or moisture. 

203. Mountain ll’utvs off the Cape of Good Hope exidained. 
— As to “ the waves off the CajM? rolling in congregated ridges, 
mountain upon mountain, almost as high os the topmasts of 
a ship," by the violence of the u'inds, of course that must l>e 
taken cum yrano ealia, as indeed tlie author ])oints out in the 
following note : Dr Scoresby calciduted the waves off the 
Cape to be occasionally forty feet from tlie hollow trough to 
the summit ; so that, as Mrs Somerville remarks in her ‘ Phy- 
sical Geography,’ it is the sublimity of the .scene, united to 
the threatened danger, which naturally leads to an over-esti- 
mate of the magnitude of the waves, and has given rise to the 
proverbial exprcssii>n, that they appear to rise ‘ mountains 
high I ’” In this instance, however, the waves off the Cape are 
higher than any in the open sea, vvliether the Atlantic, Pa- 
cific, or Indian Oceans, but not from the cause assigned. It 
is in consequence of their moving over the great Agulhas 
Bank, which extends along the coast a distance of almut SCO 
miles, with a general breadth of 100 miles ; but opposite Cape 
Agulhas it stretches out in a triangular form to upwards of 
200 miles. Here the sea is compamtivcly shallow; and it 
is well known that when the momentum of a wave touches 
soundings, the crest rises higher and the trough is lower than 
where it is not influenced by the land. It is therefore the 
shallowness of the water, and not the force of the wind 
specially, which gives rise to the extra ** mountain waves ’’ off 
the Cape of Good Hope. Beyond this bank they do not rise 

^ much more than half the height indicated by Dr Scoresby. 

204. Mudif^s Aeemmt of the Violent Spring in South Africa. 
— Returning to Mr Mudie’s account of the seasons in South 
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Africa, we have the following interesting remarks in his hook 
on the * Spring’ : — The spring in this' part of the world really 
takes place about the middle of the winter — that is, it is at 
*its greatest action in June or July, varying a little in dif- 
ferent years, as the changes of the seasons do in all countries. 
The turn of the monsoon, from the season of vegetation to that 
of drought, begins in September, but it does not acquire its 
full character till near the middle of the astronomical summer 
there, which answers that of our winter. By this tinm the 
southern waters have acquired the maximum of their summer 
tcm]ieraturo, which, however, differs so little from that of the 
opi>osite season, that the dry and heated land draw’s from it a 
constant current of air. This monsoon, or season (for that is 
tiic meaning), continues till March, at which time the oppo- 
site one begins, but, like the other, mildly at first. It comes 
w'ith a north-west wind from the Atlantic, which wind is in 
itself hotter and more charged with vapour when it leaves the 
ocean than the opposite monsoon is when it leaves the South 
Soil. It meets the colder air from the south, a contest ensues, 
and the lightning and thunder are sublime, while the rain 
falls in torrents, which are often so heavy as to sweep away, 
not merely the cattle and the crops, but the very soil itself, 
on the banks of those water-courses W’hich but just before 
were dry. This is the real sowing of Southern Africa, and 
perhaps it is the most violent spring anywhere to be met with 
on the surface of the globe. The resistance which it has 
to overcome is very strong, and the power of this spring — 
inverted, as far as the astronomical year is concerned — is cor- 
respondingly great. It has to contend, not w’ith snow and 
ice, as in the high latitudes of the northern hemisphere, or 
with the humidity of Mtinter, os in our own milder latitudes, 
but with the very extreme of heat and drought. As in every 
COSO in nature, however, the very intensity of this heat and 
drought contains in itself the elements of its own correction, 
and of a return to the opposite state of things. Whenever 
the effect of the sun upon the great Antarctic Ocean daring 
the southoni summer has, by raising the temperature, caused 

0 
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the tendency of a current of air from the ocean, the {torched 
surface of Southern Africa is at the very maximum of its 
power of rarif;^'ing the air over it, making the air tiscend, and 
thus demanding a sup{)ly along the surface. The state of the* 
Southern Ocean, as just explained, renders it inca|)al>lo of 
granting the full amount of this 8up|dy; but the general 
elasticity of the atmos|)herc which {lerviMles its whole mass, 
and protluces an LH{uilibrium around the wliole globe, never 
foils to send from some quarter or other cverj' supply of air 
that foay Ite nece.ssarj'. It is this which brings Uie Atlantic 
wiml, or north-wc.<t monsoon, upon the arid kanws, or dry 
plains, of Southern Africa ; and it is because the southeni 
current still comes there in j>art — and the two currents arc of 
different tem{)erature.s, as the south one comes from the direc- 
tifui of the {xde, ami the north from the direction of the 
etpiator — that such torrents of rain are {Kuired down at this 
season.” 

205. Sflua/iun of Xctc Z<ahnul npproximntn. io thoge of 
Britain. — lk*side.i those c<>ntineutal tmets of laml in the 
south hemisphere, subject to the iulluences of the tem- 
perate zone — namely, in South America, South Africa, and 
Au-stralia — the islands of New Zealand are of suihuient im- 
portance to observe the duration and {>henomena of the 
seasons that occur there. In that region we find a nearer 
approach to the Eurojjean divisions than on the southern 
continental masse.s ; and, from their isolation in the Paciffc, 
they partake something of the climatic changes that occur 
in the British Isles during the year. Although not exactly 
in the corresponding latitudes and longitudes of the south 
hemisphere, yet, for the sake of illustration, they may be 
considered as our antipodes — bearing in mind always tliat 
where the warmest latitudes in England cease at 60° H., the 
coldest begin in Kew Zealand at about 48° S. Tliis relative 
position in latitude adds abont ten degrees of heat to aU 
localities in these islands as com{)ared with ours, or, accord- 
ing to meteorological observations, on average tem{)eratare 
^ere of 59° Fahrenheit to 49° here. Having travelled a good 
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(leal in that interesting colony, we can vouch for it that the 
climate of New Zealand is better adapted to the English (^on- 
,stitiition than that of any other of our colonies. The greater 
j)nipoMderaiic(! of water over land in the south hemisphere 
causes a lesser range of temperature in any latitude than in 
its corresponding parallel of the north hemisphere, where 
land prepomhimtcs over water. The temperature of New 
Zealand, however, somewhat Tc.scmblcs that of the land 
hclw(>.en the south of Portugal and the middle of France; 
or rather, from its insular character, that which Great Britain 
Avould enjoy if its centre lay twelve hundred miles to the 
west of Cape Finisterre. The extremes of heat in summer 
and of cold in winter are within very narrow limits ; for the 
immense exjianse of ocean which surrounds these narrow 
islands on all sides infslerates alike the heat of the tropics 
and the cold (»f the antarctic regions. Hot winds and droughts, 
such as we have seen occur in Australia and South Africa, 
are wholly unknown in New Zealand; for a never - failing 
supply of moisture is shed on the mountain-tops and forest- 
lands by the winds which bl(*w from all quarters of the 
com])ass over a vast expanse of ocean. On the other hand, 
except in the most southern parts, on the high table-lands, or 
on the summits of the highest mountains, snow is seldom 
seen after the sun has fairly ris(;n, and never lies upon the 
ground almut the settlements near the level of the sea for 
a whole day. 

206, Spring the prevailing Seasani'n Ketc Zealand . — The 
chief characteristic of the climate of New Zealand as com- 
pared with tl^p neighbouring island-continent of Australia is 
its humidity. Yet there is no distinct rainy season os in the 
tropics. Although it is rare for a fortnight to elapse without 
at huist refreshing showers, de.termined rainy weather seldom 
Lasts longer than three da3rs without clear intervals, during 
which everything, including the atmosphere, becomes quiddy 
dry. This general character, however, applies strictly to the 
open country, where the vegetation is sparse ; for in the 
forest-lands the trees and underwood are so dense that the 
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lays of the sun can scarcely penetrate to dry the ground ; 
consequently they niv humid more or less all the year round. 
It rains during all the months of the year, but the great<‘8t 
quantity falls in June and July and the other cold ntontlis, 
vrhen there is also the greater number of rainy days ; while 
the longest intervals Iwtweeu rain, and the small(>st quantity 
when it does rain, generally occur in Decern Wr and January 
and the other warm months. From this showery character 
of the climate, with intervening i»criods of sunshine, there 
is a freshness in the air that rarely occurs in the arid clime 
of Australia. To a native of the British Isles there is a 
“ scent of home ” about it that Ls pleasing to his mental aa 
well as his physical functions ; while a season analogous to 
spring seems to pred<tminate. It may be sjiid that, from the 
beginning of August to the middle of December, the “8mil(‘.s 
and tears of April” prevail ; and if the flora of New Zealand 
po8se.s8ed the numerous flowering-plant.s of Kiiropo or Asia, 
the groves and plains, the hills and valleys, woultl level in 
the varied hues of a garlon. tSuch, however, is not the case 
with the indigenous vegetation of these islands, where native 
flowers are rarely seen, and wh»‘n found they are small and 
sober in tint. Thu smaller plants, both in the forests and on 
the plains, are chiefly cryptogamous, or M’hat are popularly 
called “flowerless plants,” such as ferns, mosses, and lich- 
eus; while the trees mostly belong to the family of conifers. 
Hence there is little or no indication of spring upon the 
vegetation from the budding of leaves or flowers. Notwith- 
standing the favourable climatic influences for the growth of 
deciduous trees and shruhs, nature has dcnic(| these islands 
‘the glories of spring, which give such a charm to our own 
isles at that season, Man, how'ever, in colonising the country, 
is clearing away the valueless ferns and cultivating useful 
cereals, while the settlers are rearing every description of 
flower that may be seen in European gardens, together with 
hardy fruit-trees and vegetables of all kinds. The division 
of the seasoirs in New Zealand may be defined as follows : 
spring commences in August, summer in December, autumn 
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in March, and Avintor in July. Of cnurse, from these islands 
“ extending over 800 miles of latitude, with the varied con- 
figuration of lofty mountain > ranges, extensive plains and 
forest-tracts, there must necessarily exist, irrespective of local 
influence, groat varieties of wind and weather,”* and, con- 
sequently, in the duration of the seasons. 

207. Magnificence and Peculiarities of the Forests in New 
Zealand, — Here, as in all the southern latitudes, the native 
trees and shrul^ arc evergreen — retaining in the cold season 
the verdant clothing of summer, and what may 1>e called 
autumnal foliage l)eing cast off by the vigorous renewal of 
vegetation in spring. The same phenomenon of the timlier- 
trees of Australia shedding their bark annually occurs in a 
less markeil degree among the larger trees of New Zealand, 
although they are all of different species. In addition to 
these characteristics, the roots of the trees rarely penetrate 
the ground on account of the shallow soil, so that they 
spread out on the surface, forming a rough network of root- 
lets, which renders travelling through the forests unusually 
troublesome. "When a tree is blown down by the wind the 
roots stand up like a cake of soil and wood, leaving the rock 
quite bare. From this it is evident that the trees obtain 
very little nourishment from the soil, and their luxuriance is 
derived from the humidity and other properties of the atmo- 
sphere. Hence a New Zealand forest is a dense mass of 
vegetation, with its perennial foliage forming an umbra- 
geous shade, causing a continual twilight of gloomy gmndcur. 
Perhaps there is no forest-scenery in temperate regions that 
can equal the nuignificence they present, vying with the 
tropical forests of America. What gives them a remarkable 
character is the underwood being principally composed of 
tree-ferns from twenty to fifty feet in height, while the sterna 
of the large trees are hung with festoons of beautiful creep- 
ing ferns, and cla<l with mosses and lichens of the most 
curious forms. The monarch of the New Zealand forests is 
the Kauri pine, which grows to a hundred and fifty feet in 
• <M«w Zealand PUot’ 
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height, the trunk being bare of bronchos two-thirds of the 
way up, forming admirable timber fur large masts and spars. 
Like the greater number of the trees, it belongs to the 
family of conifers ; and this, taken iu conjunction with the 
size and number of the fern-tril»e, rendei-s these forests in- 
teresting from a geological point of view. Wo see in them a 
counteqiart of the vegetation that pn^vailed during the car- 
boniferous period, even more perfect than what may be seen 
iu Australia, which we have already alluded to. In that 
country there ate abundance of flowering-plants; wliile in the 
carboniferous formation there aiv no vestiges of such, and 
the paucity of these in the New Zealand flora assimilates it 
with the extinct flora of Euixipe. We behold, therefore, in 
the islands of that country a living example of the vegetation 
of our o^vn islc.s when the forests were preparing the material 
which forms our valuable coal-deposits. 

208. Analogy beliceen Nrw Zealand Flora and Carhonif- 
erous Era . — In taking this view of the subject, an interest- 
ing question arises regarding tho (’arises rvhich lead to this 
analogy between the floras of two regions placed at the anti- 
podes of each other, and in point of time so distant in their 
origin. Geology informs us that the New Zealand islands 
are all more or less of recent volcanic formation, whereas the 
igneous rocks of the llritish Isles are of the most ancient 
structure ; while the fossil flora of the latter is embedded in 
the oldest aqueous strata, without any equivalent in the 
former. The inference to be drawn from this is, that atmo- 
spheric conditions prevail in the south temperate regions now, 
similar to those which existed in the northern zone during the 
carboniferous era. What the.se conditions are remains to be 
discussed, and they will form the leading arguments in the 
division on the air, where it will Isi shown that there is a 
remarkable difference lietween the ]>roperties of the atmo- 
splmre in the south from those in tho north hemisphere. 
That this difference is the result of other elements than the 
ordinary properties of heat, aridity, and moisture, may have 
been observed by the reader, as we have seen that an 
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evoigreen arboroacent vegetation is the characteristic of New 
Zealand, as it is of Australia, South Africa, and South 
America, where no indigenous deciduous trees or shrubs 
exist, though every degree of heal^ aridity, and moisture may 
be found. 

209. Return to Henmpherical Disparity of Land and Water. 
— By these remarks we are led back to the general question 
involved in our whole subject as to the origin of the seasons, 
aiul disparity between the distribution of land and water in 
tlio two hemispheres. “ When it is recollected how much 
more land is heated by solar action tlian u'ater is heated by 
the same, it will be perceived that the difference of seasons 
in the iiortherii hemisphere must be much greater than in 
tile southern ; tliat the spring there must act with far greater 
energy, and have a correspomlingly greater resistance to over- 
come. . . . The vast extent of sea in the south can never be 
hotter than the sea is with us in the same latitudes ; and 
over great part of it there can be but little difference be- 
tween the summer and winter temjierature. The air over 
any surface does not liecome much hotter than tliat surface, 
s](eaking gcnei-ally ; and therefore there cannot be, even in 
tile height of tlie southern summer, any very great extent of 
licated air from tiie surface of this great expanse of water.”* 

210. JCxtreme Cold of iri«/er at the Southern Regions of 
South America . — Although mildness characterises the tem- 
perature of the Capo, Australian, and New Zealimd colonies, 
yet tiio winter season in Terra- del -Fuego and the extreme 
southern regions of the Bouth American continent is more 
rigorous, coinjiarativcly, tlian in corresponding latitudes in 
the north of Europe. As a rule, there is a difference of some 
five degrees of cold in these high latitudes, which leads to 
the. infcnuice that there is an ice-bound continent at the 
south pole. “ The cold of the antarctic regions was con- 
jectured by Cook to bo duo to tiie existence of a large tract 
of laud lietween the seventieth degree of south latitude and 
the pole. The justness of those and other speculations of 

* . * ‘S^ing/ by Robert Mudie. 



216 


ORIGIN or TBB SSASOKa, 


that groat navigaior haa since he^ singularly oonlirmed by 
the inrestigation made by <Sir Janies Koss in 1841. He 
found Victoria Land; extending from 71° to 79° la^tude, 
ddited by a great barrier of ice. the height of the laud rang* 
ing fiom 4000 to 14,000 f<M>t. the whole entirely covered 
with snow, except a narrow ring of black earth surrounding 
the huge crater of Mount Erebus, rising 12,400 feet above 
the level of the sea. The p«^iiion of a mountainous territoiy 
of such altitude so near the pole, and so obvious a source of 
intense cold, fully explains why Graliam's and Kuderby’s 
land, discovered by Captain Biscoe in 1831-32 (between lati- 
tude 64° 68° S.), presented a most wintry aspect, coverwl 
even in the summer with ice and snow, and nearly destitute 
of animal life. In corresponding latitudes of the northern 
hemisphere we not only meet with herds of wild herbivorous 
animals, hut with land which man himstdf inhabits, and 
where he has even built ports and inland villages.”* Thi.s 
evidence of the existence of a south polar continent we 
alluded to in describing the configuration of the solid parts 
of the earth, as an equivalent in elevation to tlie depression 
of the north polar sea. 

211. Concluding Remarks on the Vicissitudes of the Seasorm, 
— ^Thus it will be seen that not only are the seasons of varied 
duration, according to the local inllucnccs of sea and land, in 
all the temperate regions of the earth, hut that the disparity 
in the surface-distribution of ocean and continents gives a 
general character to their recurrence in the south, which 
differs considerably from the phenomena in the north tem- 
perate zone. Taking the sca.sonB occurring on the British 
Isles as the standard of equal duration, we find in the far 
east the winter and summer prolonged, with extremes of heat 
and cold ; while in the distant south temperate regions the 
divisions of winter, spring, and autumn are so blended to- 
gether that their distinguishing features are not recognisable. 
• Exceptions to the rule may he found in every region, and in 
no two regions do they occur alike. As each season in its 
* Lyell’s 'Principles of (^logy.t 
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relation to the other la the result of inoessant change, so 
each group of seasons differs from another according to the 
piiysical features of the country, and these in the course of 
geological time have altered in their duration and pheno- 
mena. From whatever point of view we consider their 
relations in the economy of nature, the seasons have origi- 
iiuUmI in vicissitude, they flourish in vicissitude, and in 
vicissitude they nuiy disappear. Instead of being examples 
of the eternal laws of heat, light, and gravitation that per- 
vade the universe, they are exceptions to the rule, presenting 
only a transitory epoch in the history of the earth. 




PART II. 


THE SEA 




CHAPTER XI. 

TU£ PRIMEVAL SEA. 
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on the animalcules of these shells living in the upper waters and sinking 
after death, 234, 235. — All the limestone series of rocks formed of fossil 
zoophyte remains, 236. — The l)ed of the primeval sea fonned of extinct 
si)ecies of .shelKs, 237. — Dr Cariieuter's estimate of the enormous increase 
of animalcules, 233.— Silica a large ingredient in the primeval sea now 
exhausted, 239. — Crystalline rocks may have been originally formed of 
silicious shells, 240. — Speculative views on latent vitality and spontane- 
ous generation, 241. — Sequence of organic life traced back into the in- 
organic world, 242. — Saline solutions discovered in granite, and silver in 
the sen, 243. — Silicious rocks originally fonned the bed of the primeval 
soa, 244. ^ 

■5 

. 212. Mean Density and Average Depth of the Sea ascer- 
tained . — At tho commeuccracnt of tlie foiegoiug division, 
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when treating of the solid ports of the earth as affecting its 
hemispherical eqiiilibrium, the fluid juuts which lie in the 
hollows of its surface were only casually referred to. It was 
inferred that the sea, norinthstaiuling its extent and depth, 
is small in ponderosity as oonijuirt'd with the bulk and 
density of the land. According to l.yell, ** the moan density 
of the earth has been coinputwl by Laplace to 1 h' about 
or more than five times that of water, h'ow the '•poeific 
gravity of many of our nx:ks is from to 3, ami the gnyiter 
part of the metals range iH-twoen that density and 111. 
Hence smne have imaginiHl that the terri'strial nucleus may 
be metallic — that it may correspond, for example, with the 
8{)ecific gravity of ir»m, which i.s alwut 7. Hut hert; a curious 
question arises in regard to the form which materials, whether 
fluid <ir siilid, might assume, if subjectc^l to the enormous 
pressure which they must obtain at the earth’s centre. W ater, 
if it continued to decrea.se in volume i\cconling to the rate of 
compressibility deducoil from experiment, would have its 
density doublwl at the depth of ninety-thr»;e mil(!.s.” Wlndher 
the sea attained a greater depth Iwfore the land ruse alM)ve it« 
surface than at pre.sent, there arc no data for computing; 
therefore we must confine our calcrdations to the knowledge 
we posse.ss of the ocean as it now appears. Its deepest parts 
are ascertained to l>e not more than seven miles, giving a 
probable average for the entire superficies of the earth of per- 
haps four miles. 'When we compare this with the earth’s mean 
diameter of 7912 miles, and the average gravity of five and a 
half times that of water, wo may conclude tliat if the move- 
ments of the sea exercised any direct influence in displacing 
the planes of our planet’s diurnal and annual rotation, accord- 
ing to our theory, it must have been more of a negative than 
a positive character, by reason of its fluidity reacting upon 
the forces that upheaved the land, acconling to the law of 
oscillation. 

. 2 IB. Hydrostatic Figure of the Earth in Rotation Orange- 
shaped . — Hitherto we have considered the configuration of 
the earth, and the land phenomena leading to the origin of 
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the seaeons, from a strictly geological point of view, aa 
exeniplihed in the solid structure of its extonaal crust This 
we have compared, for the sake of illustration, to a common 
top, with an apex at the south pole and depression at the 
north pole of revolution. We now come to consider our 
planet as a hydrostatic sphere, influenced by the law o^ 
centrifugal force, which increases its fluid circumference of 
rotation, and depresses both axes of diurnal revolution. 
Hence the world has been familiarly compared to an orange ; 
but this should be qualified by adding that the orange ought 
to Ik> spinning rapidly on a pivot through its centre and 
across its luiist duimetcr. In the former instance, we have 
vicwiKl the 8f)Iid fabric of the earth in repose, as it would 
npjK'ur if axial rotation ceased, and the waters bad disap- 
peared from its surface ; and, in the hitter case, it comes 
before us in all its activity of daily movement, where a true 
sjdierical form of revolution is not only reached, but main- 
tained in excess, by the greater circumference of the equa- 
torial latitudes over the polar, when mcasuixKl at the level of 
the sea. This is the astronomical figure of our planet, which 
Newton designated an oblate spheroid before it was mathe- 
matically demonstrated ; and the hydrostatic theory of the 
eartli goes to prove that the internal solid |)arts must have 
been deposited in an elliptical form. “However irregular 
the surface of the earth may be in its details, its general form 
agreea so nearly with the figure of hydrostatic equilibrium, that 
the agreement cannot be regarded as fortuitous or accidental. 
The regular increase of gravity from the equator to the poles 
also proves that it is symmetrically constituted, or that the 
materials in its interior ore disposed about the centre of grav- 
ity in regular elliptical strata, and arranged acconling to the 
oi^cr of density. The earth must therefore have taken its 
present form whUe its particles were at liberty to arrange them- 
selves in obedience to the forces arising from their mutual 
attractions, and from their rotation ; in other words, it fliust 
have existed at some period of time in a state of fluidity.”* 

* Art “ Figure of the Earth," * Enoyclopndia Britannica.’ 
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214. Depre$»ion at t/ie Poles compared teifh that in 
JupUer . — ^Although the sea is now, and has been for count* 
less 1 ^, inferior to the land as a component part of the 
terraqueous globe, yet it is the opinion of many eminent 
astronomeis and geologists that in earlier epochs, when our 
{>]anet’s density was less and its bulk greater, water formed 
a huger proportion of the terrestrial matter than it does now. 
It is eron held by some as a cosmical theory that our planet, 
in its primary elementary state, passed through an aqueous 
condition, from which the solid nucleus was precipitated. 
Into these hypotheses ive shall not enter at present Our 
investigations into the phenomena of the sea, bearing upon 
the disturbance of the equilibrium of the land, begin at that 
epoch when the depths and shallows were being formed by 
upheavals and sinkings of the solid matter which, by refrig- 
eration, now forms what geologists term the crust of the 
earth.” At this period the sedimentary rocks, we assume, 
were in a plastic state, so as to be affected by centrifugal 
force ; but, from their greater density and tenacity, the de- 
pression at the poles would bo less in proportion at the bed 
of the sea than on its surface. Whether the oblateness of 
the terrestrial spheroid was greater then tluin now, is a 
question impossible to determine, as that would depend upon 
the velocity of the diurnal rotation, according to the cxjieri- 
mental illustration wo shall presently quote. That it is not 
unphilosophical to moot the inquiry, is obvious from the 
observations of astronomers regarding the rotation and fonn 
of the planet Jupiter. “ The radius of Jupiter being nearly 
11 times (10.86) that of our earth, his rotation 2.4 times 
more rapid, it follows that the space passed over by a point 
on his equator is 26 times greater than that passed over by a 
point on the terrestrial equator at the same time. Hence the 
centrifugal force is 26 times greater ; and if the spheroidal 
form of the earth is occasioned by the diurnal motion, wo 
may expect to find the same effects, on a much larger scale, 
exhibited in the form of Jupiter. And this is in fact ob- 
served to be the case ; for, according to Struve, the compres- 
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flion of Jupiter is about ^th of his radios, the diamater of his 
equator being to that of his poles as 14 to 13 nearlj; while 
tliat of the earth is only y^th * — ^that is to say, the equatorial 
is to the polar diameter in the ratio of 306 to 305, or a com- 
pression of 27 miles. 

215. M. Plateau’* Htperiment ilbutrating the Principle. 
— “ Some very curious physical experiments, imagined by M. 
Plateau, account in the most satis&ctory way for tiie pheno- 
mena which we have just described ; they appear to us well 
adapted to dissipate the obscurity which a description of such 
an abstract conception would naturally leave in the minds of 
some of our readers. These experiments consist essentially 
iu freeing a fluid mass from the action of gravity in such a 
manner that all its parts may be merely acteil upon by their 
mutual attraction, and in imparting afterwards to this mass 
a movement of rotation more and more rapid. To do this, 
M. Plateau places a quantity of oil in a glass vessel filled 
with a mixture of water and alcohol, the lower strata of 
which are more dense tlian oil, whilst the upper strata are 
lighter. The mass of oil descends in the mixture as far as 
the stratum of the same density, where it remains, taking the 
form of a sphere. In this state the mass of oil is freed from 
the action of gravity, and the form which it takes is due 
simply to the mutual attraction of its molecules. Next, by 
the help of a metallic disc, introduced with care into the 
sphere of oil, and a stem which passes through its centre and 
communicates witli a handle, M. Plateau imparts to the «j%r 
tern a progressive movement of rotation. When this move- 
ment is slow, the sphere is transformed into a spheroid, 
swelled at the equator, flattened at the poles, under the 
action of the centrifugal force, which develops the movement. 
The phenomenon accounts, then, perfectly, for the form of 
the planets. If the movement becomes more rapid, the flat- 
tening becomes more considerable; the spheroid becomes 
indented at its poles, spreading out more and mote in the 
horizontal direction, until the oil, entirely leaving the disc, 
* Art. “Astronomy,” * Eneyclopndis BritsaiUca.’ 

P 
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is formed into a circular ring. At this moment the pheno- 
menon at once explains hoth the zones detached at the origin 
of the solar mass and the rings of Saturn. Lastly, if the 
rotatory movement, rendere<i more rapid, is continued with a 
disc of a diameter sufficiently large, the centrifugal force, in 
driving the particles of the surrounding medium towards the 
ring, soon separates it into isolated masses, which form tlu*in- 
selves into individual spheres, each of which preserves for a 
certain time a movement of rotation of its own in the same 
direction as the ring. This last phase of the phenomenon 
offers a striking analogy with that of the formation of the 
centres of condensation which, on Laplace’s hypothesis, arc 
the origin of the planets of our system.”* 

216. Itotatum and Bulk of the Earth probably leettened . — 
Without considering whether the earth at one time had pro- 
portionate dimensions to the enormous bulk of Jupiter, when 
its mean density approximated to the lighter matter of that 
planet, or its diurnal revolution was ever proportionately as 
rapid, we liave hero data to speculate upon the ))robability 
that, at some period anterior to the upheaval of the land, it 
revolved on its axis with greater rapidity than at present, 
and the oblateness of its spheroidal form wa.s probably 
greater. Moreover, the depth of the circumambient sea 
^ would be less at the poles than the e(]uator. Assuming this 
to have been the case, we draw the inference that the up- 
heaval of the continental masses, dividing the sea into num- 
erous branches, probably affected the diurnal rotation of the 
earth, so that day and night may have lengthened. On this 
point astronomers conclude that there has been no alteration 
in the equation of time throughout the year, although astro- 
nomical or solar days are not equal. Two causes in particu- 
lar conspire to produce their inequality — ^namely, the unerjual 
velocity of the sun in his orbit, and the obliquity of the 
ecliptic.” Here it is sufficient merely to note that even the 
length of each day is subject to change throughout the year, 
and that it is possible the revolution of the earth on its axis 
* ‘ The Heavms/ by A. Qnillemin. 



THE SEA. 


S27 


was perfomed in a shorter space of time than the twenty- 
four hours into which man has divided it. 

217. Computation of the Earth's Rate of Rotation . — A 
writer in one of our popular periodicals furnishes a compu- 
tation os to the length of time that must have elapsed to 
increase tlie day hy one second, and the period when diurnal 
rotation may be expected to cease, as follows : — “There are 
86,400 seconds in a day of the current anno dominL If it 
recjuires 100,000 years for the day (in consequence of the 
eartlt’s more sluggish rotation) to increase by the 86,400th 
part of its length, it will take 8,640,000,000 of years to cause 
that rotation to cease altogether, supposing the slackening of 
its speed to continue under the same conditions. Will it 
ever cease 1 Will the earth ever come to a stand-still, as far 
as her rotation is concerned t No, she will not. Her rate of 
spinning is gradually slackened, because she spins faster than 
the moon, who thereby raises the water into a heap, convert- 
ing it into a brake or drag. But when once the earth spins 
no faster than the moon, she will always liave the same hem- 
isphere turned towards her satellite ; the liquid piotul)erance 
will be no longer curried forwanls, and the moon will have 
no further holil whereby to check the earth’s rotation. The 
period of the earth’s rotation would then coincide with tliat 
of the moon’s revolution round the earth. In short, the, 
earth at last would constantly turn the same face to the 
moon, exactly os the moon turns the same to us. It is only 
natural to suppose that the very same cause has produced the 
singularity which wo observe in the motions of the moon. 

If she always turns the same face to the earth, the cause 
ought to be analogous to that now submitted to your con- 
sideration. But things may not even go so far as that. As 
time slips away, the earth’s tempeniture is expected gradually 
to drop. The waters of the ocean may be converted into ice : 
with no more water there will be no more tides ; the cau^ of 
the slackening of the rotatory movement will disappear, and «• 
the earth will thenceforth continue to turn with a constant 
velocity. The exact amount of slackening is not yet known ; 
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it is ascertaincil approximately only by the iiulicationa afforded 
by ancient eclipses. Its accurate determination must 1m) a 
work of time.” * 

218. Serenity and Cidmtiess reigned over the PrirAevul Sea. 
— Confining our investigations tt) the geological part of the 
subject, the first question tliat presents itself is the physical 
condition of the primeval sea in rehition to the diurnal and 
annual revolutions of our planet. That these were of the 
simplest character is abundantly evident from the data fur- 
nished by the earliest stratified rocks. Compared with the 
present intricate “ Physical Geography of the Sea,” as the 
study is designated by Humlxddt and Maury, its currents, 
tides, and other phenomena must have been of the most 
rudimentary nature. Assuming that the equatorial plane 
was parallel with the earth’s orbit, or only slightly disphwed, 
the distribution of solar heat over the sea would bo unbroken 
throughout the year, with a sujierincumbent atmosphere en- 
circling the waters, having isothermal lines corre.spouding 
with the parallels of latitude. The sea being unbroken by 
the submerged land would liavo a unifonuity of current, 
camsed by its diurnal rotation, only disturl>ed by lunar at- 
traction and other perturbations of the heavenly bodies, which 
had then but little influence on its general condition. In 
jthis pristine era, a universal siimcness and inonobiny prevailed 
over the “ boundless deep,” save when its surface was agi- 
tated by the winds, and even these would be of a monoton- 
ous character, having no land to influence their «lirection or 
variation. Day and night were equal from pole to pole 
throughout the year, and Ijelts of clouds hung over the sea, 
in certain latitudes encompassing the watery globe. Tlic 
currents of the ocean were more or less uniform with the 
currents of the air, and these followed the laws that regulated 
the diurnal revolution of the earth. Everywhere a universal 
serenity reigned over the primeval sea. If a sentient being 
cout^ l^ve visited our planet at this epoch, and sailed over 
its endless watery expanse, his mental energies would have 
* ' All the Year Bound.’ 
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collapsed with the eterniil sameness of day and night, sea 
and sky, heat and light 

219. Maury's Description of the Basin of the Atlantic . — 
In like manner the Ijed of the primeval sea was probably of 
a uniform depth from its surface — always excepting the dif- 
ference between the polar compressions of the plastic land 
and the water. If it were possible to ascertain the mean 
depth of the present ocean, it would furnish data for an ap- 
froximate computation of the average depth of the Ixxly of 
Avater which covered the earth at this period before any of 
the land Avas upheaved. Maury, in his Avork on the ‘ Physi- 
cal Geography of the Sea,’ has constructed a chart of the 
basin of the North Atlantic Ocejin, Avith numerous W’lundings, 
showing a probable average of 3000 fathoms, or upAvards of 
three miles. Of its general chameter he remarks as folloAvs ; 
— “ In its entire length the Ivisin of this sea is a long trough, 
sepamting the Old World from the New, and extending pro- 
bably from pole to pole. This ocean-furroAV' AA-as scored into 
the solid crust of our planet by the Almighty hand, that 
there the AA'aters which ‘He called seas’ might be gathered 
together, so as to ‘ let the dry land apjiear,’ and lit the earth 
for the habitiAtion of man. From the top of Chimborazo to 
the bottom of the Atlantic, at the deepest place yet reached 
by the plummet in the North Atlantic, the distance, in ^ 
vertical line, is nine miles. Could the Avaters of the Atlantic 
bo drawn off so os to expose to A'iew this great sea-gash which 
separates continents, and extends from the arctic to the 
antarctic, it would present a scene the most ruji^ed, grand, 
and imjiosing. The very ribs of the solid earth, Ai'ith the 
foundations of the sea, Avould bo brought to light, and Ave 
should have pre-sentoil to us at one vicAv, in the empty cradle 
of the ocean, ‘ a thousand fearful wrecks,’ with that dreadful 
array of dead men’s skulls, great anchors, heaps of pearl and 
inestimable stones, Avhich, in the dreamer’s eye, lie scattered 
on the bottom of the sea, making it hideous with sights of*' 
ugly death.” 

220. J/oio Continents might he smlloteed up in the Deep 
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Sea . — On the other haml, could wo imagine the mountain- 
chain of the Alleghanies hurled into the profound depths of 
the North Atlantic, and the table-lands of Mexico shovelled 
into the Gulf of Florida, until its l)e»l became comparatively 
level, it would present the asi)ect of a more uniform sea — un- 
disturbed by ^vaywanl currents, or that wondrous ocean-river, 
the Gulf Stream — similar to what it was at the periml umler 
consideration. Still, its average depth wouhl bo greater than 
the primeval sea, as the continental masses themselves wouM 
have to Iw cleared away, not only level with the surface- 
waters, but down, down, two or three thousand fathoms, 
until the ocean-bed was raised to that average, or the appar- 
ent mean depth delineated in Maury’s chart. Then all trace.s 
of land aliove the sea-lcvcl wotdd be gone, and the submarine 
mountains and valleys, plains and precipiciM, wouM no longer 
“ present a scene the most rugged, grand, aiul imiM)sing ; ” 
while “the empty cradle of the ocean,” with that dreadful 
array of men's skulls, great anchors, and “a thousand wrecks,” 
would be buried under the tremendous superincumbent 
debris. 

221. Prohahle Avernfje Depth of the Primeval Seji. — As- 
suming, for the sake of illustration, that the average <iepth of 
the primeval sea was 20,000 feet, or about four miles, we 
may form some ideji of the immense body of water that en- 
veloped the earth Ijefore the uphc*aval of the land. Yet this 
was a light stratum only, covering the vast bulk of the globe, 
when compared with its diamdter of 7000 miles, and mean 
density of to 1 of water. At the same time, the pressure 
of such a column of fluid upon the plastic crust of the earth 
must have exercised a counteracting influence in suppressing 
the internal volcanic forces that upheaved the continental 
masses ; and we may thereby estimate the gneatcr power of 
the primary agencies that had to contend with that pressure, 
compared with subsequent and modem volcanic forces bat- 
tling only against shallow seas or atmospheric pressure. 
There must have been a tremendous struggle between the 
igneous internal force and its opposing aqueous external pros- 
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sure to obtain the mastery. We have fally considered in the 
first part of this work liow the former succeeded, not only 
in shaking the framework of the earth to its centre, but im- 
pelling its axis from its normal position. We have also ad- 
vanced that there was a corres|K)nding subsidence of the 
earth's crust as the continental masses were upheaved. At 
these periinls it is not unscientific to conclude that the rush 
of waters displaced by the upheaval of the land into the 
depressions of the sea-bed would give a negative impetus to 
Die one grand work of the displacement of the equatorial 
plane from the orbit of the earth. And as the greatest up- 
heaval of the land was in the north henmpbere, so the rush 
of waters to maintain the ocean-level would lie towards the 
south hemisphere, throwing their weight with some force into 
the np|K>site .scale, and thus aiding in driving the earth off its 
ludancc. 

222. i/os the Sea diminUhed in Qwintity since that 
Period f — It becomes here a subject of interesting inquiry 
whether the .sea, at the ](eriod under consideration, altered 
its level, in relation to the centre of gravity, by a iliminution 
of its fluid or increase of its solid parts. As far as human 
calculations can penetrate into the past condition of the sea 
from geological data, and the evidences furnished during the 
historic era, this question has not licen satisfactorily deter- 
mined. According to the general principle inferred from the 
foregoing section, that there was nn equivalent to the up- 
hciival of land by its subsidence, the mean level of the sea 
would not ho affected {leriuanciitly, however much it might 
have liecu transiently in some pLiccs. We can understand 
how the Atlantic, when first shaped by the continental 
masses that dotermiuo its shores, was considerably higher in 
its level tluui at present, from the waters displaced by the 
laud partly rushing into its volley. But when the surplus 
waters flowed towards the south to fill up a lower Jovel 
caused by suhsidonco, they would sweep along with immense* 
velocity, like a flooded river rising between its banks, until 
the current maclied the uncoulined Southern Ocean and the 
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Fftoific, Ephne they would spread out in eomparotive quies- 
cence, EB the rushing sttoam forms a lake on the plain. Then 
the Atlantic would fall and the Paciiio rise to the universal 
level. It is not long since hydrographers settled the question 
whether the levels of those two oceans were the same — some 
observers having stated that there was a difference of m'veral 
feet; so that, in the event of tlio proposed canal being cut 
through the Isthmus of Panama, there woultl be a constant 
current from the Atlantic to the Pacific. The supiKtsed dif- 
ference of level, however, was ascertained to bo the ilifference 
of tides only — the variation at the times of ohser\'ation, with 
the rise and fUl on each side of the isthmus, being variously 
affected by local causes. 

223. Geology fhoics that Land is fimnt’d hy Dejwsits from 
the Sea . — ^^^len mcteorf»logists and iiydrologists inform us 
that there has been no change in the V(dumc of the atmo- 
sphere and the sea since the creation, we must receive their 
statements with the same qualilicutions that we have dotie 
with regard to those bearing upon the immutability of the 
seasons. There is abundant geological evidence to prove that 
a great portion of the earth’s crust was deposited by the stui, 
as it is conjectured tliat the volume of the sea may liave 
been augmented hy the watery deitosits of the prinie.val 
atmosphere. We do not allude here to the agency of water 
in the formation of sandstone and cognate rocks, or humidity 
caused hy evaporation forming rain - clouds, and the like, 
which are only modifications of these elements. Invspectivc 
of these modifying agencies, there sere others at work, and 
have been at work from primeval time on this planet, which 
have produced many of the physical phenomena that now 
exist. As a rule, aqueous matter from chemical affinity tends 
to become solid, as aeriform matter by the same law has a 
tendency to become fluid. Thus it may be said that all the 
elements on the 'surface of the earth will ultimately resolve 
* themselves into a solid form ; so that, in the course of im- 
measurable periods of time, the sea and the air will disappear 
by solidification into the framework of our planet. Then 
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wottld tho whole of the animal and v^table creations, 
which make* this world so beautiful, become uttcriy estinct, 
and its whole circumference, from pole to pole, present the 
aspect of a howling wilderness, like her own satellite the 
moon, which astronomers represent upon sound data to be 
an oceanless sphere, without a life-breathing atmosphere. 

224. The Moon an Examjde of a World withovi a Sea. 
— “The dark spots on the moon’s surface were formerly 
8U))posed to be water, but as elevations and cavities are dis- 
tinctly |)crceptible in them, that hypothesis is evidently 
erroneous. Besides, tho extreme tenuity of her atmosphere 
is inconsistent with the existence of water at her surface. 
It is only by the weight of the terrestrial atmosphere that 
the li<]uids at the surface of the earth arc ]»reventcd from 
being dissipated in vapours. If the present atmosphere were 
removed, every liquid would continue to be dissipated in this 
manner till a new atmosphere was formed, to which each 
would contribute in proportion to its elastic force ; and the 
eva]>oration would only cease when the tension of the vapour 
of each liquid was equal to its elastic force in a vacuum at 
the same temperature. But if the vapours were removed as 
tliey arose by any absorbing cause, the evaporation wouhl 
continue until the liquids entirely disappeared. Now we 
may 8up]H)sc this to be tlie case with respect to the moon, 
and that at one time she may have had an atmosphere which 
tho attractive force of tho earth, aided by some accidental 
circumstance, may have swept away and united with our 
own. Under these circumstances, it is evident tlmt no 
animal similarly constituted to those which inhabit the 
earth could res])iro at the surface of tho moon. Everything 
there appears solid, desolate, and unfit for tho production of 
organised substances ; and the excessive cold which certainly 
prevails must be sufficient to destroy every source of animal 
or vegetable life. May it not then be supposed that, the 
moon is a planet which has not yet reached a state of 
ntaturity — a maturity to be prepared by successive vblcanic 
eruptions ; or that, having fulfilled its destiny, it is now in a 
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state of decay!”* In replying to that question we would 
incliit^ to the latter suggestion, as mure consonant with the 
theory set forth in this work, and according with the views of 
the most profound geologists, that all the solid matter of this 
earth has Iweii consolidated fnun u liquid and aeriform con- 
dition. With regiml to the hypothesis in the fon^oing 
extract, that if the earth had no atnutsphere the w'aters 
would evaporate until they disappeared — this may be true in 
the abstmct ; but the writer forgot to mention what wouhl 
become of the.se atoms of matter, w'hich, of course, could not 
entirely leave the e»»rth, by reason of the attraction of gnivi- 
tatiou, consequently they w'ould resolve themselvi‘.s into 8oli«l 
matter. Applying the same principle to the waterless, if not 
airles.s, condition of the moon, it is more consistent with 
the phy.sicai law.s of nature that her possible primary' life- 
giving atmosjiherc liecame absorbed within her own solid 
framework, than that “ the. attr.u;tive force of the earth, 
aided by 8<mie accidental circumstance, may have swept it 
aw’ay and unitc<l it w'ith our own and that her sejis have 
collapsed within h<‘r hollow sphere as the cru.st cf)oled. 

22-5. Recent Ohsermtions of the Lunar Surface eunfirma- 
tory. — From numerous recent ol>8ervath)n.s of the* moon’s 
surface by Lord Kosse’s pow«rrful telescope of .six feet aper- 
ture and sixty feet focal length, as well os other largo instru- 
ments in I)riti.sh and for».*igu observatories, it has Ijeen 
determined by astronomers that the moon is devoid of air, 
and tliat the absence of air implies absence of water. “If 
there existed lakes, seas?, or even rivers, the liquids forming 
these reservoirs or currents would be reduced to vapfjur by 
the fact that they would not be maintained os such by atmo- 
spheric pressure. But the solar heat acting still more ener- 
getically would develop a gaseous envelope. . . . The huge 
dark spots which the first observers took for seas, are now 
known to be vast plains, lower in level than the valleys of 
>• the mountain - regions. One thing which doubtless, in tho 
first instance, increased the illusion was, that many of these 
* Art. “Astronomy," 'EncycloiMedia Biltannics.' 
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spoU appiiar of a light gre 3 riah' green colour; otben are 
grecniah • grey, reddish, or, again, of a deep grey, IQce.rteeL 
The aljeence of waters, and — as a natural consequence— of 
mins, is so much the more probable, as it well explains the 
presimt apfieamncc of the surface of the moon, or, in other 
Words, the geology of its superficial stmta.”* 

220. lAKkyar'g Theory of the Lunar Seag beiny engulfed 
in the J/oom’s Interior. — “ Instead of seas they are most 
probjibly ohl 8ca-lH)ttom8. Such, then, are the results of the 
telescopic obsiTvations of our satellite turned towards us. Do 
w'e know anything about the like conditions of the side tamed 
away from us 1 or, again, con we dive into the past history 
of the moon ? The illustrious Hansen has held that it is 
(iuit<; jmssible tliat the lunarians on the side away from us 
may jKissess both water and an atmosphere, and that the 
side turned towaids us may be reganied as one vast moun- 
tain. Adams and I..e Verrier, however, have sliown that 
such a hy{>othosis is not very securely based. . . . With 
n^gard to the proljability of former atiueous agency on the 
surface of the iiuk)ii, difficulties of an apparently ver}' formi- 
dable diameter present themselves. There is not only now no 
evidence whatever of the presence of water in any of its three 
forms on the lunar surface, but, on the contrary, all seleno- 
graphic oliseiwations tend to prove its absence. Neverthe- 
less the iilea of former a<]ueous agency in the moon has 
received almost universid acceptation. It was entertained by 
(fruithuisen and others. But if water at one time existed 
on the surface of the moon, whither has it disappeared t If 
we assume, in accordance witli the nebular hypothesis, that 
the portions of matter composing respectively the earth and 
the moon once possessed on equally elevated temperature, it 
almost necessarily follows that tlie moon, owing to the com- 
parative smallness of its moss, would cool more rapidly 
than the earth ; for whilst the volume of the moon is qnly 
about rV^h, its surface is nearly yV^h, that of the earth, lliis 
cooling of the mass of the moon must, in accordance with all 
* * The Heavens/ by Amodtte Ouillemiu. 
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analogy, have heen attemleil with contraction, which can 
scarcely he conceived as occurring without the development 
of a cavernous structure in the interior. Much of this 
cavernous structure would doubtless communicate by means 
of fissures with the surface ; and thus there would be ]m»- 
videtl an internal receptacle for the ocean, from tl»e depths of 
which even the burning sun of the long lunar day would bt? 
totally unable to disloilge more tlian traces of its vaimur. 
Assuming the solid moss of the moon to contract on cooling 
at the same rate as granite, its refrigeration, thnnigh only 
180" Fahrenheit, would create cellular s])aco equal to nearly 
14J^ millions of cubic miles, which would l)e more than 
sufficient to engulf the whole of the lunar oceans, supposing 
them to bear the same proportion to the mass of the moon as 
our own oceans bear to that of the earth."* 

227. The Moon n Prophetic Picture of the ProJuthle. Fate 
of the Firth . — According to this hypothesis of the disap- 
pearance of former lunar oceans, and the surface of the imKm 
presenting only the solid framework of its sphere, we have 
before us, within scofte of our far -searching telescopes, an 
example in the solar system of what the earth would lie like 
divested of its seas, as we have endeavoured to picture in 
the first section of our work. The absence of water from 
the ocean-Wls accounts also for the great heights of the 
mountains as compared with those on the earth, iiuismuch as 
these are estimated from the depths of former sea-valleys of 
the satellite ; whereas in the juirent planet they are calculated 
from the level of the sea. Taking these modes of compu- 
tation into consideration, there is not so great a dis])arity 
between the elevation of the terrestrial and lunar mountain- 
chains and crateriform mountains as wo have hitherto been 
led to suppose. The highest of these are in the vicinity of 
the southern pole : there Dorfel is found, the summit of 
wh^ch attains 26,691 feet in altidude; the mountains Casa- 
tus and Curtiul are 21,234 and 22,227 feet high. In all 
probability, however, when the moon had its extinct sea, 
* J. Nomian Lockyer, F.R.A.S., in ' The Heavens,’ by Gnillemin. 
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these would not have 1)cen half their elevation above its 
level ; and if the earth was occanless, like her satellite, the 
Hinmluya.s and the Andes would attain an altitude of from 
50,000 to 60,000 feet above the deepest valleys of the Pacific 
and Indian Oceans, while Gaurisankar would be 63,360 feet 
— a vertical height of twelve miles or so. “ 2fow, if such be 
the prc.sent condition of the moon, we can scarcely avoid the 
conclusion that a liquid ocean can only exist upon the sur- 
face of a planet so long as the latter retains a high internal 
temperature. The moon, then, 1)ecomcs to us a prophetic 
jiicture of the ultimate fate which awaits our earth ; when 
deprived of on external ocean, and of all but an annual 
rotation upon its axis, it will revolve round the sun an arid 
and lifeless wilderness, one hemisphere being exposed to the 
]H>rpetual glare of the solar rays, the other shrouded in eter- 
nal night.” * 

228. TTie Extsfence of the Sea (Jejjends uixm greed Internal 
Heat . — It is now the genend opinion of both astronomers 
and geologists, that the interior of the earth must be pos- 
sc.s.sed of a temperature exceeding anything wo know of 
calorHic emanations on its surface; and that it is this in- 
ten.si^ heat, whetlier maintained by solid or liquid matter, 
which holds together the inner particles of the external 
crust, otherwise the roof of the crust would shrink and crack 
at a low temperature, and tlie sea sink through the deepest 
or thinnest parts of its bed. It has been calculated that 
“ If a channel only three quarters of a square mile in sec- 
tional area were opened from the bottom of the sea to the 
centre of the earth, the whole ocean would flow into it — 
taking, that is to say, the increase of density of water (ac- 
cording to the experiments of Perkins) at 0.474 per cent for 
every additional 100 atmospheres of pressure, and supposing 
the some ratio to hold g(^ under all pressures. This, of 
course, caimot bo supposed to bo really the case. One of 
two things must happen, either the water would be com- 
pressed into solidity, or must be sustained fleom so doing by 
* J. Norman Lockyer, in * The Heavens.* 
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an increased elasticity, the effect of an exceedingly high tom- 
perature. This, indeed, we liave every reason to lielievc, really 
exists within the earth. Not only is it a general fact that 
the thennomotric temperature of the ground does increase in 
descending, in all regions wherever deep mines have been 
sunk, or borings executed, at an average rate of about 1“ 
Fahrenheit for every 90 feet of depth ; and not only do the 
phenomena of volcanoes and hot -springs indicate unmis- 
takably the still further increase of heat beyond the reach 
of artificial excavation, but the fact itself, that the mean 
density of the globe is so small as 5^, must be held as con- 
clusive evidence of on excessive inh^mal temperature. It 
is not by solidifying that fluiils can escape from further 
condensation.” * 

229. The Sea eoniaim Atoms of all Soluble Minerals and 
Metals . — On this head it has Wn advanced by the same 
authority, that “ As the sea continually receives the drainage 
of all the land, besides having, in the course of countless 
ages, washed over and over again the disintegrated materials 
of successive continents, it must of course hold in solution 
all the saline ingredients capable of being soparatetf and 
taken up by such lixiviation in cold water; in fact, in 
greater or leas quantity, every soluble substance in nature — 
such, at least, whose existences in extremely dilute solution 
are not incompatible. By far the larger proportion, however, 
consists of chloride of so<lium (common salt), after which 
occur chlorides and sulphates of magnesia and lime in some 
considerable abundance. And in much more minute but yet 
appreciable quantity, occur salts of potash and ammonia, the 
iodide and bromide of sodium, carbonate of lime, silica, and 
other matters too numerous to mention. The sulphate and 
carbonate of lime, and the silica, however minute the per- 
centage of the latter, are yet of vast importance in the 
ecopomy of animated nature, as fnmishing all the lime and 
silica out of which the shells of mollusca, the structures of 
the coral and other similar insects, and the shells and caia- 
* Art. " Physical Geogtsphy,” * EncyeloiMedia Britannica.' 
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paces of the silicious iufusorise, &c., are derived. Bat 
liesides these saline and earthy ingrediento, metallic salts in 
excessively minute quantities have been shown to exist in 
sea-water. Thus copper is present to such an extent, that 
clean and polished iron dragged in the wake of a ship, 
during even a short voyage, has been observed to come up 
with a him of that metal precipitated upon it. Silver also 
is formed in combination with the old and worn coppering 
of ships to such an amount as to make it worth while to 
extract it ; ” * and, as we shall presently see, has been com- 
puted at 200 million tons held in chemical solution by the 
whole ocean. 

230. Analysis of Chemical Ingredients found in Sea- 
Water . — AVe must distinguish here between those ingredients 
that may be considered primarily in chemical combination 
with sea -water and others of a secondary character, that 
mingle in the ocean by means of rains, rivers, currents, 
waves, and winds, through what may be termed mechanical 
action. Jor example, a salt spring carries saline particles 
to the sea from passing over a stratum of rock-salt originally 
deposited by the ocean ; but it does not follow that all the 
salt in the sea came from similar land-sources. We take it to 
be an incontestable fact, that the salts in chemical solution 
with the pure water, which forms more than nineteen- 
twentieths of the sea, have been in combination before any 
land was formed. Moreover, we must distinguish between 
the soluble and insoluble substances produced by the sea, 
whore the former may combine with their parent element, 
but the latter, once produced, never return to their primaiq^ 
condition. This is seen in the coral-reefs, that withstand the 
most powerful attrition of waves and the warm currents 
of tropical seas for centuries, without a particle of their 
substance either softening or dissolving. How far the softer 
formations of chalk and marl may mingle chemicidly with 
sea-water we are not prepared to say, but this must be 
infinitesimal compared with the ingredients inherent in its 
* Art '‘PhyaiesI Geography, ” < Saeyelopiedia Britaanies.’ 
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composition. The following is given by M. Begnault os a 
mean result of the analysis of sea-water : — 


Pure water, 


• . • • • 

96.470 


^Chloride of sodium. 

2.700 



„ magnesium, 

0.360 



„ potassium, 

0.070 

Saline ingredients 

= 3.505, < 

Sulphate of lime. 

0.140 



,, magnesia. 

0.230 



Carbonate of lime. 

0.003 


1 

Bromide of magnesium. 

0.002 

Loss (including iodides, silica, &c.)> 

0.025 




100. OOO 


231. Primary Bed of the Sea formed of Microscopic Shells. 
— To return to the main subject under consideration, regard- 
ing the strata forming the bed of the primeval sea. The pro- 
cess of solidification alluded to Avas of an entirely different 
nature from these chemical cliangcs. There are ample data 
for concluding tliat the great organic law that pervades every 
drop of the ocean Avas the first solidifier of tlie earths and 
salts which sea-water holds in chemical combination. The 
most remarkable discoveries on this head have been made by 
hydrographers only recently in sounding the depths of the 
ocean, and submitting the particles obtained from its bed, 
brought up by the sounding-apparatus, to the examination of 
the microscope. In the hands of Elirenboig and other skilled 
savans, that instrument has revealed to us the fact that, in 
the deepest parts of the Atlantic, the Pacific, and the Indian 
Ocean, their beds are strewed with countless myriads of 
minute shells, Airithout a particle of sand or gravel being 
found. Among the foremost men in conducting these oceanic 
experiments practically is Captain Maury, formerly of the 
American nairy, who received great aid from a fellow-officer 
named Brooke, the inventor of an ingenious sounding-appa- 
ratus, which has reached depths of five and nearly six miles, 
bringing up specimens of the ocean-bed. On submitting 
some soundings from a depth of two miles in the basin of the 
Atlantic to Professor Bailey of America, he pronounced them 
to be chiefly made up of perfect little calcareous shells 
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(furaminifera), and contain also a small niunber of silicious 
sliolls {diatoinacece)." ' Although perfect in form, these min- 
ute shells contained no animal life, which led l^e Professor 
to conclude “ that they inhabit the waters near the surface, 
and when they die their shells settle to the bottom.” This 
uxaiuination elicits the following remarks from Captain 
Maury : — 

232. Captain Maury's Remarks on the Abundance of Minute 
Shells and Almnee of Sand at the Sea-Bottom, — “ These little 
initus of shells seem to form but a slender clew indeed by 
which the chambers of the deep arc to be threaded, and the 
mysteries of the ocean revealed ; yet the results are suggestive 
in right hands, and to right minds they are guides to both 
light and knowledge. The first noticeable thing the micro- 
sco 2 )e gives of these specimens is, that all of them are animal, 
nut one of the mineral kingdom. The ocean teems with life, 
we know. Of the four elements of the old philosophers — 
lire, earth, air, and water — perhaps the sea most of all abounds 
with living creatures. The space occupied on the smface of 
our planet by the different families of animals and their re- 
mains is inversely as the size of the individual The smallei 
the animal, the greater the space occupied by his remains. 
Though not invariably the case, yet this rule, to a certain 
extent, is true, and will therefore answer our present pur- 
poses, which are simply those of illustration. Take the 
elephant and his remains, or a microscopic animal, and com- 
pare them. The contrast, os to space occupied, is as striking 
as that of the coral reef or island with the dimensions of the 
whale. The graveyard that would hold the corallines is 
larger than the graveyard tliat would hold the elephants. 

233. Wo notice another practical bearing in this group 
of physical facts tliat Brooke’s apparatus fished up from the 
lx>ttom of the deep sea. Bailey with his microscope could 
not detect a single particle of sand or gravel among these 
mites of shells. They were from the great telegraphic 
teau ; and the inference is, tliat there, if anywhere, the waters 
of the sea are at rest. There was not motion enough there 

Q 
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to abrade these very delicate organisms, nor current enough 
to sweep them about, and mix up with them a grain of the 
finest sand, nor the smallest particle of gravel torn from the 
loose beds of debris that here and there strew the bottom of 
the sea.” 

234. Professor Bailey's Remarks on the Animalculoi of these 
Shells living in the Upper Waters and sinking after Death . — 
“ As Professor Bailey remarks, the animalculai whose remains 
Brooke’s lead has brought up from the bottom of the sea, 
probably did not live or die there. They would have had no 
light there, and, had they lived there, their frail little tex- 
tures would have been subjected in their growtli to a pressure 
upon them of a column of water twelve thousand feet high, 
equal to the weight of four hundre<l atmospheres. They 
probably lived and sported near the surface, where they could 
feel the genial influence of both light and heat, and were 
buried, in the lichen-caves below after death. Brooke’s lead 
and the microscope, therefore, it wouhl seem, are altout to 
teach us to regard the ocean in a new light. Its bosom, 
which so teems with animal life ; its face, upon which time 
writes no wrinkles. — makes no impression — are, it would 
seem, os obedient to the great law of change as is any depart- 
ment whatever, either of the animal or vegetable kingdom. 
It is now suggested that henceforward we should view the 
surface of the sea as a nursery teeming with nascent organ- 
isms, its depths as the cemetery fur families of living crea- 
tures that outnumber the sands on the sea-shore for multitude. 
Where there is a nursery, hard by there will be found also a 
graveyard — such is the condition of the animal world. But 
it never occurred to us before to consider the surface of the 
sea as one wide nursery, its every ripple as a cradle, and its 
bottom one vast burial-place.” 

235. The geological clock may, we thought, strike new 
periods — ^its hands may point to era after era ; but so long as 
the ocean remains in its basin — so long as its bottom is cov- 
ered with blue water — so long. must, the deep farrows and 
strong contrasts in the solid crust below stand out bold. 
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ragged, and grand. Nothing can fill np the hollows there ; 
no agent now at work that we know of, can descend into its 
depths and level off the floors of the sea. But it now seems 
that we foigot these oceans of animalcule that make the sur- 
face of the sea sparkle and glow with life. They are secret- 
ing from its surface solid matter for the purpose of filling up 
the cavities below. These little marine insects are building 
their habitations at the surface, and when they die, their re- 
mains, in vast multitudes, sink down and settle upon the 
1x>ttom. They are the atoms of which mountains are formed 
and plains spread out.” 

236. All the Limestone Series of Rocks formed of Fossil 
Zoophyte Remains . — In confirmation of this statement, geo- 
logy informs us that them are certain formations in the crust 
of the earth composed entirely of minute shells. A familiar 
example of these marine deposits is found in England in the 
oolitic formation, which is a species of limestone composed 
of globules clustered tojgether commonly without any visible 
cement or base. They vary in .size from that of small pin- 
heads to that of peas. These globules, on investigation, have 
been pronounced to be shells of the sea-urchin order, that 
must have existed in enormous quantities in the primeval 
sea of l^urope. In still more ancient formations, such as the 
Silurian series of fossil rocks, there is evidence that these 
were formed of minute zoophytes, which existed in myriads 
at the earliest geological periods, when the deep-sea forma- 
tions*wcre deposited. And recently, in Canada, discoveries 
have been made of even lower fossil rocks than have been 
found in Europe, named the Laurentian series, which is ex>n- 
sidered to be anterior in its fonnation to some of the primary 
igneous rocks, so called. This series of strata has been as- 
certained to bo several thousand feet in thickness, and in all 
probability is part of the bed of the primeval ocean before 
the upheaval of the land. In examining the structure^ of 
these rocks, geologists have a diflioidty in pronouncing satis- 
factorily the nature of their primary composition, as they 
exhibit evidence of having been metamorphosed by the ac- 
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lion of the intonuil ht*at c»f the t*arth and iho roclcM 

which burst thnui^di them, in many aiiiulpimatin^ an«l 
fonuin^ a distinct nvk fn%m ciihrr. Kvcry tlav now hj;hi is 
Inking t!m>wn ujKin this intcrvstiii); bninch <«f j^oulogic^d i»tudy 
by the rcM-archt'S oi its if<*alous stinicnts toiuUng to show 
ttiat the abundaiiro of animal life in the ]iniuoviil ocoaii was 
as griMt as, if nut grvatt r than, it is at |*nwnt. It may bv 
si4iisfact*»rily y. i that all tho liinostono series uf 

n>cks, which cumpriM* such a do|»th and extent of tin* earth’s 
crust, ar*’ suhdy the result of animal organisms that have 
♦•xtra<‘ted thetr • imn* nis fn»m tlie s*m, as wo an* s.iti>ti(*d 
llmt tin v»cil"dc|‘osits an* entin»lv i»f vi^getable origin, r«in- 
soUdate I by {»n >.>'in\ and acn^l mi by \**li‘anic hi*at. 

237. Th‘ lU { - f (}.•' 'V// S»'i ji/co/#.iA/y cf 

Mifhnt*' n** n«M<Nstty to go further into de 

tsiil ; cn -ujh iii*^ K-i ii >h *wii tlut tin* primeval si a swarmed 
with animal Lb-, and t’neir n in.iin** nank to the )MUi**m, b*rm- 
in;: de{i**-u.- v«-ii:*h hi;-* ii as# #rtaine*l to U* MVeml thon 
AUid.^ of f.f? :n ih: ’kte-'''-. Xow. with this laet Udbri* u*<. it 
i't not nn,^ lititi' toadv im* the hy|M#thesja that the entire 
spherical U -i <>t tie' primary Mn tiinambii nl waters uiis com 
pt^«H} of the »anh«- and salts th» y held in chemiral t tunbi 
nation. minute iis<.llu*e> wvp' animnteil lalwuatorie,. 

that «epira*ed t5*e Ziuie r al j^art-* of the <s *»an frtuii the pure 
water ; aii t as tie- fa» t of their remains Is ing ph eipitalMl U* 
tie* IsKtoiu iiiiHtratrs liour gfean-r density, must the bulk 
of the primeval ?M-*a have disToaiiU-.fl, ^ind eonjM-/|uently it#g«Ti 
leVeL What that di-ercsa^** may havir U^en, of courst* 
then? ar»r no g^ViliJgiral data !<» show, ina>imiieh uj* no land 
wiis upho^aved als#ve lu »urf«i4:i* tn i>?gisUfr itj< suliiihb-m e from 
a higher level. Since tli/‘ a«tv^tit of geological vr»a, the mmic 
pncKjJssi of JM^didiftratson hiw biwTi going on, and it b an im 
{KTtant br^iin h of ress«*areh t#> obtain daU that may throvi* 
on tho subj<*«;t. At finraeiit oiir iiifomuitton is chiefly 
eonfme^l to the aiiKaidano* of aiilmdiary imof which no doubt 
arc al.vi worthy of inve^ifpilioii ; but «r> far mi the {iheinutie 
non h.is U.*;n oWrv^jsl, the cauae baa baaii traco*l more b> tin! 
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in tin* of the* roa»t« tlmn ihr- fu^n» Ihem- 

Dr (^firjH nfrrtt F^iimnOt of th*^ KnormfnM Increnfp. ff 
Anltnuhnlm , — Of tlif <*l«*vution of the moKl miiArk- 

.iMe exampleH are ihoaii wh«*it5 the uiyriailM of eoral in^e^rta 
*irt' at Work MtM’retin^ tin* (‘alraft*ou*i in^a>e4lieiita of the ocean^ 
In liuiM up thoH<3 ma^jiiiticeiit stnieturea seen hy «livers iiit4i 
the waters where they nio.Ht |in*vail. We may hen? rc^call 
wliat \\ii^ U'en ntateil n^sf^iH-etiiij:, the exteii>*ive f«*nnations of 
ral<‘an'riUH suhinarine inaKH#*H hy the laUasrs »»f the eoml inwt. 
Sueh f*u ts wouhl Ikj ultr^rly in< n*<lihle hut f‘*r what we know 

• •f the a'*tonihhin(,^ rsipi^lity of multiplieation of these minute 

f**rms of aTtimal life. I)r OarjMUiter compute.*i the pni^eny of 
a pair of aphitlrs, if alioW4*tI to ai*funnulat«% at th*' end of the 
year, at a trillo n, iinintiie^ the n*pn»ilueti<*n of marine 
aiiimah ules to In* ooe thoH/tntul hiillifNjt than that 

• »f aphiden - LTantin^' that eaeh of tln in duriutr iu lifetime 

('•tjppo'.j^l not inieririMil with, and f<»<'Ml ^upidn^i) se<^nd4si 
only a tetMuiUionth part of a cuhie inch of imle^tnieiible 
caleareous matter we shtuild tind nceumulited, in h^sw than 
.1 quarter of a c entury, a udoln* of i^ueh material whosci^ diain- 
rli-r Would exrei^l the distanei* travelled hy lijjht since the 
ordinary reecuved ejwM'h of ( nation (4tM)4 ha .): and the sur* 
fare f»f tin- >»hdH*, hUp{HiHe(l to euiitiiiUe inertnisin^ at the fsame 
Mte, wiuild then l*e hwellino into •^paee a ^reat many time** 
la**ter than the of lij^ht. Then' lus'dfs then* only a 

residual immunity ft»r a small i^envutap' of those jm^Ium! 
lo alfoni seope for the pnnluetion of all the ealearcHUis for- 
lufitiona existing' ; and the. same may U' s;iid of all pecdogieal 
formations, sueh as the judishimj: slate of Ihlin (4fMXXh00(> 
to the euhie iiiih !). the infusorial formations in Holland, A*o., 
which mieroHoopie examination has shown to consist of in- 
fusorial and other exnvhr.’** 

UIMh iSV/iV/i, n Imjr^iUent of thf Prhnf^nd 8t^u 

From the amilysis of wa-water, as already men- 
tioiunl, its mitiomi ronstitnents held in ehentical solution are 
• Art. ** rhy<»icsl CJeejrmphy/’ * EncycloptnIU BnUnaitm,* 
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i?om|>amtiYt‘ly suiall lo iho \«‘lj:!nt* of pun' Wiit^'r. £m»l *• n 
iienerally a.s follows: i!oon*lo of mhIiuiii^ l.V5o; i h .• 
ride uf ina;-rne.>iuiu, of itLiik'nosta, di.o^ ; * ; 

btJiiates of iiino and imiirio '-ia, <*U‘J : sulphut*' of liiiu\ O.in . 

water, 1)0.51 — in !<>«> |«irts. raleuliiiniis" uj>»m this liasin. an i 
eousitierin^ the enonutuis nnisst's of lane raiitaiiiCHt in s«^ti 
mentary riK'^ks of the tertuiiy fHirnnU we nmy wifely infer Unit 
the liurtn}; that epochs coalaifiiHl in aalntion a mueh hu^^r 
proportion of calcareoua niatter Uiaii at pnaMutl^ if it clhl not 
exceed in volume all ilie other mineral inirmUenta of the 
ocean tv»j:ether. Then wv may infer that the tertiary rr^v- 
phytea, in extnutin;* so much of that elenu*nt fn>m the si a. 
renderotl the Wiiier lej«i ea{vihle of wsnp{H»rtiin: their coiintitu* 
lion, and iiianv UH^ame exiimt, while individu.iK 

thvn'USe*! in iium1*eix In this nninner we euii uinlerstan i 

iiow th«* earlviUiiU*^ iiiid !«ulphaU^ **f earths in the s»‘U, win* !*, 
form the im|>i*rish ihle parts of ihe.s#' imiriin* aniiuiils and ite i! 
shells^ iei4^ ned ;is tie* ^odim<‘nt fornun;^^ the n*rtiaiy »*lnit i 
incrf^ai»«;d ; while lie* chloriflo of M^diuun or eomnion s.ih, 
n*riuiineil «'onjj»;iraliv» ly nndiminishiNh in conm'^pienee of th.^t 
minerul ear'ily solnl»I*» in wal»T. On tin* other hand. 

Wo may sj«*^mlate upon the sea havirn' posH#»ss4*d «»ther iinn- 
eml in^^reiiients, noi s{Koifnd in the ahove analysis, duriii^’ 
♦^rlier e[sK hs than ih** one n-f**iTP<l to. U is not out **f tie 
ran^fe of pnd>ahility that silica fiiiee enter<‘d ev«’n imms ex 
tensively than lime mto the ehemieal eonstituenU< of the sea. 
aa the oxhle of wlieon ; for there is evident* still of it - 
existence in the exuvia* of diaUnnacea* and the silicious rf>v« r 
ing of sheila. Thert; an* data, also, from the RiliciouH slates 
of Tripoli, ^c., to show that at one |f>erio<l marine xoojdiytes, 
whose sheila were entirely compoMKl of silax aa pum ns 
qoartx, exiatecl in such multitudes that, in the courne of 
time, they nearly exhauBte<l the sea of this mineral element, 
until they became extinct, and were succeeded by liini»- 
secreting molluscs and coral insects. 

240. Cnjgtalline Itochf may ham been originnUy formr*i 
of Silickm ShelU . — ^Thc consideration of this question open.'* 
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lip ii wi<if (if i!i(|uiry to the apoctiUtive g4v»logiiit. lit-r** 
ii<‘ iiii^ht liiid u Hi'lutioii U) tlw) pnihlftn reganling the pri- 
tiuirv runnatiiiti of t ha nx'k 3 ’ niAMiaH which c«iiij«tiuite the lower 
piirtM of tli«i cruMt of the mrth, when'iii tbia iinfiorUtit min- 
•>nil fiinuii till* chiiroctemtic iiiKitNlietit, aurb a« ^nite, ajeti- 
tui, i>or{*byry, ati«i quartz ruck. May tiut theoe hav« >M!«n 
originally dii{]|oaitiMl in tho form of mieroaeopic aUkiotia 
ahslhi, which afterwanla became eryatalliaad and metamnr- 
phoaod through tlw incandeaoent ▼tdcaaie heat of the eartht 
The theory that ubtaina amongat all claMca of apecnlatife 
philoaopbent who liave conaidered the queation, ia baaed <m 
tb«‘ chemical principle of precipitation, where solid matter 
wqxanih'S fp>in liquid by loss of aAinity, and descends in 
virtue of the law of gravitation. Tbia is perfectly C(r>msct as 
far as sticondary siliciuua rocks, such os the sandstones, an' 
coucemwl, iMirause these an* funned by the abrasion of older 
nicks; hut it is not appti<-abh> t4i the Hrst funuation tif sUex. 
or Its W’v have olisiirvisl t4t that of lime, the liasis of the 
foMsilifemus hnieshiue rts-ks. There is incont revert i hie living 
evideitc*' that the calcareous de{N>sit of oiral-reefs is formetl 
hy iiiimttc insects {xissessiiig the function of secreting the 
lime contaiuetl in sea-water ; and by cum)itiring these modem 
de]MMits with ancient marble furamtions, it is abundantly 
evident that they are analogous in structure. Hence it is 
iMUcluded that every |x>rtion of the enonnous msssm of lime- 
sbme ns'ks (hat enter into the structure of the earth's crust 
has, at one |M>ri(xl or another, passed tlireugh living organisms, 
witluiut w'iiusu agency they never would have liecn extracted 
frem the mvh. Pursuing the same line of analysis, it is ptt>- 
liable that tho Itasis of all the silicious and aigillaooous rocka 
may have Ixit^n secn*ted in a similar maimer, each in its turn 
liaving la>en sulisorvient to the purposes of life by entering 
into the composition of organised bodies. 

241. Speculative Vieteeon LatetU VUaMyaml Spontatffoue 
Oeneration. — In like manner the experimental philoeopber 
might settle Ute much- vexed question among scientiHc contro- 
versialists regarding the phenomena of apparent spontaneous 
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genontion, »o leiJoasly tUsputcd hj two Fnneh mvoM lo- 
eeDtly — namely, M. Pouchet, the great ehampion of the theory, 
and M. Paateur, tU sworn enemy. It night be argued, timt 
as all solid mattor on this earth at one period fonutnl a con- 
stituent {kart of some living cruetuiv. so does it retain in a 
latent degree the elements uhieh wouhl again pt'i iucc life, 
just as the chemist informs us tliat every sulwtaneo coiitmns 
wore or less latent heat, Yii-w^tl in this light, lUorgaTiic 
matter would he only comjwratively devoid of orgiuiic ]<ri»- 
{K.'rties, iis cold subsuutci's. such iis iiV and snow, are pnived 
to jhissesM latent degrees of heat. Then, again, this liil>-nt 
organic i»n*|s-rty would iucn*ase in degnn* as the atoms <»f 
matter thr>ugh st'veral sUigea in the scale of animal oi 

vtgetahle opganixition — accumulating this principh until they 
TMiched a {Hiint where the p^wer of vitality U-ing dcstrowd 
in prtsiucing a larger and more |R‘rfeet nniiiud, nevertheless 
retained .siilliciftit organi, fecniulity to geiiemti* lesser and 
micro^'<»pic iufustiri.t, leturning. its it wen*, t** it*. priiuar\ 
orgiutic fonii in the se<i. Thus would the exi»erimentid phiio 
sopher show that the whole suhstunce of our phtiu*! is imire 
or leas impregiuiUsl with the dements of life, which nn- not 
extraiitjous to matter its«*lf, but inhenriit in its eompositioti 
its a univenwl law. {s-nnenting every atitin like the laws <i| 
eohe,sion or gntviUilion. And thus might he point to the 
limestoite rocks that spreail over the earth ulsive and Is-neatli 
the sea, at seca-ti'ms of infusoria tlml wotild again aid in 
generating life ; and even |K>int t<» the gniiiitic Alps, rovensi 
with {K'rjKitual snow, when; now no life is seen, ns having 
once livtsl and moved in the primeval oc«*an, Is'ccming the 
debris of multitudinous marine cn‘atur«‘s, and still retaining 
some vital energy. 

242 . 8e*iti*-nee oj Ortjnnic Life traced tMrk itdn Irumjanir 
Matter. — When we investigate the minute gradations imtural- 
ists have marked. on the scale of organised creation, from the 
lowest to tlie highest forms of vegetable and animal life, we 
carmot strictly define each link in the chain of existence, to 
say where this degree of organic structure begins and where 



that emlii. Every doM, order, fiuiiily, or tndivultial hlembfo 
im{)eroeittilily into one hormoiuona whole, that dl oeem more 
ur koia matoolly dependent on each tat their exutenee ; and, 
»8 tt rule, the lower forme supply the natii— iry nonrishment 
fur the nmintenonee of the higher. Thus wofiml the members 
of the animal kingdom ultimately dependent ujiou those of 
the voKetabie kingdom for their fuuil, inasmuch os without 
Vfgilntion no herbivurouM aninuils could exist, and conse* 
<|uently, hy their extinction, carnivorous animals would l<e 
deprived of su)HiiKt4‘iic«\ This rule ohtaiiis in the also, 
though not generiilly 8U|i]H>8e<l ; fur the numlH'>r of miirine 
iinttuiils that f««>d u|Kin s*^- wis'd is calculate*! to even 
gr*>ut*'r in pniiMirtioii than of herldvonnis animals on land. 
I'lit that which es|Ht;iHlly «listinguishes the fiKsl- supplying 
inferior aiiinuds «»f the s*-*! an* lh*>. ciises wlo-n- tl>ey obtain 
nourishment from th** wa- water almost ulone; fi'r ci-rtain sj***- 
cj^s «>f whales — th** nxiiisters of the ilec'p— sup{*nrt th**ir hiign* 
forms oil tlx-se minut** /oophyU-s H*‘r** we w*** a p-m-ril law 
in siip]H)rt of the vital ])rin<'iple whicli jH'na<les the whole 
organic «'m»tion. until it <l«‘scen*ls t»* the l<-v* l of what we 
term the inorganic worKl. Uut may w*' nut pur>ue the imjuiry 
Iwlow that arliitniry level by tin* siiine pn*cess of imiuefive 
n-.isoiiiiig ? If it is necessar)' for the gn>Ks*'r jKutich*s **f matter 
t*» piuss thnaigh v**getahh* oigaiitstns K*fon* they are pr\»j*er fiKsl 
f<»r animals, may it not Is* as nec«?ssary that tlnrse grosser ]iart.s 
should have lavn seended by aiiinuilculip in onler to ndine 
them fn*m tlu*ir purely elementary staU* f**r that |mr|»o«* I 
Thus it may Ik* .sai*l that the doctrine of the ancient philoso- 
phers — that tin* vital principle |H'rvadi>*l the whi»U‘ material 
universe, frun which man himself was an emanation — agrees 
with these* nuHlem in«|uiries into an alistrusi* siibji'ct. 

2-13. Hiiline Sttlutionn di«rowretl in (iranite, atul Silver in 
file JSt'u . — Apart from these siwculative views of a subject 
whie.h has biH>n one «if angry controversy among natur^ts 
fmia the time of Aristotle, we may allude to a geological &ct 
of some interest bearing upon the aqueous origin of igneous 
nxiks, which has been made out by Mr Sorby. Upon a close 
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uitcroacopio cxamintttiun of ^^ranius atol 

thin as to be tnui^lMUent, uiol then eoineiiUHl with ('aimthi 
hel«BM» between two glass plales, he has diseovereil that this 
rodt otmtauis an iramoDse number of cavitua bolding water 
and aaliutt solutions, which must, therefmOk iutvo baan in a 
liquid atate when the rock was in the {noeeaa <tf foraiition. 
It must therefore be concluded that gmnite is ml aimpljr an 
igneous rock, but that it has bet«u formed by the jmnt action 
of tire and water. This faot su|){a»rts the hypothesis wc have 
suiQp-wtetl, that the sdicioas tock.'i were ongiualiy eetliiuen* 
tary deposits fmtu the sea, thmugh the secretions of marine 
£»phytcs. as ahuutUntlj luaiiih'wted in the formation of linn*- 
stone M>'i>*ovcr, it is not at all improtwhle tliat the 

nietallic ort/s whtch so Urg>dy iiti|>n*gii(ilo the tniiieral veins of 
silictotiA rocks, may have had their oriitin in thest> siihstanrcs 
enUTing largely into the 0oiii{Muation of the iiiinuU* shells at 
the ejKieh of their i:"iuT;i*.iou, ;is we liiid the iN'Miitiftil iiietallic. 
lustn* on .ilodls at the ]>nvw ut day. In this manner we can 
inugine how ih- t,»«dd l»-ar;a,; .ind silver Itearing quarlr-veins 
orx>'in4n’»t in the d«’|K«itioii ..f lairvly '•ilieioiis corvds and 
sheU.4 sfsjcilieaUy ri-'h in th'-s** metals, AVe have no evidenc** 
that g»dd exissa in s'.M wator ; hut, on the nutlii>rity of ('aptaiii 
Maury, we h-arn that the pn !«-nc«' of siiv« r has ls*< n iIeU*ct<i|. 
Ity exanuniii};, in V.djiar.ii.'U), the r/ipjsT tlial hsel Is-eii a great 
while on the b»tUom of a ship, the pp-s< nce of silver, which it 
obtained from the si-a, was deU-eted in it. It was in such 
quantities as to form the IsusU of a eale.uhition, by which it 
would appear tliat there ia held in solution hy the sea a quan' 
tity of silver .sufficient to weigh no less tl)an 200 millioii tons, 
could it all, hy any process, Ije pr«s:ipitated into a 8<.‘parato 
mass. 

244. Siliciom Ruckn origiwdbj fomuul the. lietl of the 
Primeval Sea. — If, on further investigation, it Im found tliat 
the older crystalline rocks contain elements of aqueous for- 
mation, or, as we hare suggested, ore metamorphosed retisins 
of an original fossiliferous structure, these may be restore«l to 
their former geological position os primitive rocks, whioji 



they hiivr JuhI ).itt<>riy in tlifl noincndaturo of ihe urience. 
'J'hi(4 hiut iiriM<ii mi aircount of Home membm of tbe gntiiuiiil 
H4‘rii>it hiivin^ tn-un fuutwi a)i«>ve Uie eddevt fuMHlif«iou« rucka, 
which wur« cIommmI m aocondaiy. HenM Lyell hi* fm>poMd, 
M a auhatitute fat primofy^ Uift tem kypogtme^ iai]dytiig 
noiho^fo^neli. ** A» iq>pliecl to loelu, it exprw e a tlut ibQr 
Imre aMumod their form and atfoctnra at a depth from the 
surface, without implying any priority in riieir foimatum as 
U) time; whereas the term primary, as applied to lodn, 
imlicates that their fonnation was prior to that of all others.** 
Without disputing the appniprbtenees of the new term, we 
may {siint out that if the newest of tlie granite lunl quartz 
s4'rieH Kttr evidence of lieing inetamoi|ihic rocks of silici<ms 
foHsit 4le{HMiu, they are tilder in time thmi the most ancient 
calcan‘«.*UH fossil fi^rinations that have not liecome metamor* 
phow>(l hy heat. Hcih'c the silicious onstratifical rrickB fomi- 
ing the cpi.tit of the «-arth may with propriety Iw dcaignated 
primitive, ax in all pndkuhility they funned the primary l:>ed 
of the primeval sea. 
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ofi the tii^^janiy Wiv^v^n t},e ^rvins 4>f th«* m a Uit«l. 
§ 'JlJi. — Su|x*rlSn*ie* «'? iKi m- 4 Ai>.l linul « ni Hr^U^h niUen» 

•4^1 Tahu* tne^Attrvmeiit Aii>i wri^^h! of t!»e ntut, *J47 - Axfm^*' 

4<r|>th the ihrti esitiuuitetl hy !«»riin)!A, K^t»*nt* ‘IfiJlh, 

aiwl 4eaJK>ttom of the ]*ftcUu’« *i4i> — lN‘ej» in xhv AtliUittr h\ 

iwivii|caior4, — Hn^»kr\ nnj»ri»v»*il rtxl <«*r 

the rtf ihe ^4, 2&1. Am% an*l of ihr Ihiliriii o. n<»i ror 

ret'th aL4*’f'ft4ifte*l, 252. <*f the Antan <K< ;kjj nitt 

♦U'hnrti, 253. 'Area an<l tlej»ih i*f the Antic (henn onty ji{*|>n»\inmte)y 
known. 254. 1 >r|«iK i>f iW M»*^iiterram*iin an*! j»r«»tu%i»*n n( Aintnnl hU*. 

255. • iVhWifien*^ «;lev*cri[*licm «»( th*' Wnuljful 7.<»«»|»h> tcm an*! ti*.h in the 
Inflian C>:eiui, 25^-25^. • Z<K*|»hylefi (r»*Tn the AtUiitic in th** Kn-in !i 
.v|U3niiin ftt Amai^ hrm, 25K' Ttie earth not an inert in:Mi«4 of inattef, t»nt 
% Atnj»efHk»a» nhell of exiinrt Ufe, S|H%’uUlive hy|*<«th4*htM f>n the 

>nsin of hriithl •«'«>}( 111 r?v| mmeml*. 2»)1. W -mlirful eoral * nery aikI 
nniffiA! life in the 4«4 hy llm ri* th«* ‘liver. 2»'2. < 'a|itaiu 

Cook'ii areonnt of an ainj^rihiou* minnow m Australia, Wi. l*rr>fei^M,r 
AfgasAU ftnda a laml tinvennijr n%h in .Saith Amerira, the nnicH fmiii 
waier^ 264. M. ami Mr Com h on tlie >»tiintiiry made 

hy fiabf 265^ 26f}.«— IiMtin^l of /rf^ture^ in the* m a to rine t^wardti the 
lisrht And »ir, 267. — Migrotion of lUh in Kuroy>**An waters iminateH the 
'«eaaomi of the 2B3. — Hb*iAla of hemn^ic i>n the roant of Norway irrrjf 

nlar in their migratory a««4r>n«, 261t. Suminer *the fteaaon of activity 
among the inhabiUBU of the aea, 270. 'Hie tem|*eriiture of the iiea dr 
creaaeA in depth from the aurfare, 271. 

245. HvmboMtif Vieff/gon ih^ Ih'jfjKgritgj hHin*m thv AreaM 
of Hec^ and Land . — From the primeval eruiflitioti of the 
and it« mineral analynia, vre now come to cotmidcT ita preitini 
phyaical geography, and the influence it exeniiaeii on the 
aeasons. With regard to the intervening pimo«l«, Hufrieient 
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liM baen advanced in the diinniott on tlio bnd to fimdah a 
genomi akotch of ito aepamtion into, octnna and anbaidiaiy 
attaa, funnily; a chain of aecondaiy eanaee and aflheta, nniiing 
tlie rudiuiviitory with the complicated phmKMnona that now 
exiat A«x'onlitig Pi liutiilMldt: ** In the pieaent condition of 
tho surfiice of our planet, the area of the aolid ia to that of the 
fluid piirta ua 1 to 2|tbH (according to Itigaud, an 100 to 270). 
‘I'iio iabiidH form acan-fly j^d of the continental iooimmm, which 
an‘ so ui>e<(ualiy dividisi that they connist of three timea 
iiion* liuoi ill tli<‘ iiortheni tlian in the southern hemisphere ; 
the latter Jx-iiix then-fun? pre-eminently ••cennic. Fit»m 4U* 
•Hoiith l.ilitilde to the uiitan’tic {sde, the earth U almost 
eiitin-ly < <iver*il with Wttt4-r. The fluid element prwlomiuntes 
in like muiiiter U-tw.-cn the (^astern shor»-s of the old and the 
weiU-rii xhon-s <4 the iu‘W CiUitineiit, Is-inx only inteni{H:rK-'l 
with soiiii; li’W iiifttilaT xnmiM, 'I‘he hsuiunl hydMxnipher 
Kleure u, h.is very justly naiiutl this vast iwesinic Uisin, 
whifh under the tropi.s extends over 145’ of huixitudo. the 
(ivent ih-mn. in i-outra'listiiietioti to all other seas. The 
southern and wesU rii h•<tnispherk-s (r^-ckoninx the lattt-r frxuii 
the iin-ridian of Teiierifle) nrv therefuiv- more rich in water 
than any «*ther n-xioii of the whole tsirth. Tlnwe are the 
itniiii )s.ints inxolvtsl in the roiisiderHtioii of the Land and 
sen — ;i n-iatioii which exen-isi-s so imjKtrtaiit an influence on 
the distiihulioii of tein|H>mture, the vaiiationa in atmospheric 
pnissiin-, the dinn-tioii of the winds, and the quantity of 
moistun- Contained in the air, with which the development 
of vexetatioii is s<i esst-iitiallv coniux'tetl. When we consider 
that nearly thrvtt- fourths of the tippt'r surfat'e of our planet 
are covettsl wiUi water, we shall 1h> less surprised at the 
iiii|Hirfitct condition iif nieUnmilogy Ixifotv the beginning of 
the ]»n»MMit century; since it ia only during the sulimiaent 
IH^riral that itiimeftius accurate oliservntiuna on the temper- 
ature of the iHui, at diflunmt latitudes and diflforeni seasons, 
hnv^ Iwieii iiuwle and numericalljr compared togathor. .... 
The Wont 0111110141 cerUuiily has special lefoienoe to the char- 
acter of tin* ntmoiqihere, but this character is itself dependent 
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uii the jierpetaallv eonrnriviii intiu(>ni't<8 uf thi' wliii-h 

is univenally and tie«>{>ly hr rum'nts having a totally 

oppoMte temperatuiv, and of nidiati«>n fn>ni dry land, which 
vartoa gmtUy in fonu, elevation, cidour, and fertility, wlicther 
we consider its bare rocky jHirtions, or th*wo that an» covctihI 
with arborwM'eut or herbactvus vj-getation/’ 

24t». (§«/«■ r/fciVa o/ the Hen an>t hiuti fomfutnl in Hritinh 
itqiuire miit'f . — t’onipntationshavc la**'!! made of the cntiri' »u- 
porticies of the I'arth at the sea level accortling to the liritinh 
scale of measurement, which give a tt»tal of llM>,r>«55,4(M» 
statute s({uan> miles. This, of c«»urs*‘. 8Uj>|Mtses that all the 
numntainous regions art* l«*vel w'itU the water, and furnishes 
us with the area of the primeval sea liefon' the land n'se 
aKne its surface. Of its division into land uImivc the level 
of the sea, and the an*a of the sea itself in its continuous 
raiiiiHeations arouml the land, only appn)\iniate estimates 
can be formed, in tH>nstsjuenee of its unexjd<tn‘il regions at the 
{«olea and elsewhere. As far as the latter can Is* iisrerlaineil. 
hydrttjirraphers have <*aleulat«sl it.s su|s*rficiis. iticluiiing all 
the inland st*a.s, at squan* miles. The most 

nmiarkable general fejitun* which the _^«a pn sents to the 
phyaical gwjgmpher is its ftmtinnHij. h'xci-pting tin* t'usjuan 
S<*a, with its completely land-l's*k< d shori-s. which is nion* a 
vast lake than a sea. the <se.uiic waters enemnfiass the ghds* 
from jiole to jkiIc, and embrace Isttli liemi.sphen-s in their 
sinuoMs ann.H. encin-ling every eontinenml mass and i.sland. 

247 . (Jiiltic Sf^ntur^'tnpnl unil AhmiUth' Weight nf th>' S^n. 
— “ Fmiu a careful measim-ment of its ext4-nt. as laid <lown 
in charts, it has hNen wnehided that the dry land M-enpies a 
superficies of alioilt 49.H0(>,CKM» Mjiian* sUitut** inih*s. This 
do<*« not include the recently -discovereil tracts of land in the 
vicinity of the pole*; and, allowing for yet nn#lisrover»s| land 
(which, however, can only exist in small rpiAntity), if we 
•tssign 51 millions to the land, there will remain alsHil I4fl 
millions of squan; miles for tlie extent of surface occupiiti by 
the ocean. Its mean depth, of course, cannot lie stateil with 
any certaintyr There are phenomena in the formation and 



|>nr»gtx*<4H of the tidal urave. anil of certain other great uiiflu* 
luU»r)' iiuiveiiu'iila, which oni iiicoiiiiMitihle with an arerage 
ilcpth iimli r four or live? iiiiJt^. Moat of ilie aiaimlitiga whuli 
hiivii U-cu taken far fitnii hiinl, and in <lca-p water, fall, how- 
ever, far nhort of theae liinita ; but aa aonie have obtaiiicel the 
higlier of them, and on thcfit^^ an* numerous inatancea wdien 
tw*eiity, thirty, forty, and even fifty thotuunui feet of line run 
<*ut have failni to give* distinct evideiicx^ of the liottom liaving 
Ih^uii rtuu hi*<l, a depth of fuiir riiih?a may Ive taken aa one 
<|uit4* iiM near the truth om live iiiilcH ; the more ao, tm a great 
pniporiioii of the va.Ht an?.’i of the iVilie ho abiindunlly 
U*stn*wn with iHlamU hh authorise a n*aHoiuiIile auHpicion 
that its avenue* depth U lean than, that of the Atlantic, where 
islands are coin|mrati\ely run*, and of which the depth has 
Imm'Ii iiseertairn^d over no inconhiderable portion of its whole 
extent, ( ah ulating on theM* data, we find, Ibr the total 
cuhie contents <d’ the K<‘a, 7MH niillHins of ciildc iniles. and for 
its mass <ir weight (taking the ap<*oifie gravity of Si*a- water 
under a pressun* of two miles at 1.0151) S,270. 600 billi(»us 
of t«»ns, or U*Xid iiuiss of the gh'U*."* 

24H. Avrrtujt Ih^pth of iht* S^a eMhnnh'^i Inj As/r<’iiofioVfi/ 

Fnrmul*t, lWj%ides iht* praetical methiMl of using iinpn»veil 
sounfhng-ap|»:iratus t<i asc ertain the d«»plh of the tfceaiu asirte 
noiiiers liave a fnrmula shuwing that thert* exists a relation 
In^lween the brt*adth of a wave, its vehnity of ]»rogres». and 
the depth of tin? water o\\ whieh it tni^els, whereby they can 
ecmiptile the avenige «lepth of the great On this 

Uisis JV*fe.Hsor Airy has eonstnictisl a table, by whieii Pn»- 
fesKor Ikn lu* came t4i the coiichiHion that in the Xt^rth Paci- 
fic, Ih’Iwix'U da{>iut ami ( nlif«»riiia, the moan depth is 2365 
fathoniH, or 1 1,190 fend. His ohs^Tviittons wi?re taken during 
a gn*at w*uvo raUHisI by an earthcpiake in Japan, which itw- 
venwMl the occ^n tlio American ctmist “ lly a atntilar 
principle of calculatum, gnutiubHl on the progress of the 
tidfvwave (n*g;inled as a free w^ive) rutmiiig up the AUantic 
- vir., that a wave 6000 giHigraphical miles in breadth from 
• Art. PUyMcal G«*igraphy/* ' fincyclopadia BriUnaica.* 
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to wcMi^tmvek ito oini teoadkh in iwirliro &ml, 

for tlie mmn depth of the whole Adiiiilie» £nm 50"^ south 
lat to 50® uoithf 22,157 feeh a n*eult porfeetljr in neeuidamH" 
with what we know fi\)iix uuineonis M^untiitifpi of ita northt^m 
baain« ami what nuiy it'adMtmWy l»e c^meluded iVoin the coni> 
panxtively few oLtauie«i in s««uthem Uwin/* 

24y, fjfvl - T\u^ 

Parihi; Oteuu is the Uu^l extellMVe of the ^nuit hy<lr«>}^»ni|*lii 
cal livisioxis of the wt*rhl, exUmhii^ fn^ia the an lie cin le at 
ilH XiMiiherxx li^aijitiary t«» tla* antaxvtie einle in the 
h»‘!i:;i>{>h* IV Klo of Litita^h ; an I from ih** vve^^t l o.i^i 

of to Au''lr4iiha tn the >*r 4 r;j, .ni4 in tlie north 

♦ oVnT m^aifly oj hai^atn'ii', lovrniii^ .m jiiim 

»'-^unialetl ii\ ii'n,i!»rs at riu.iHMi.uiMi ^«Jnan‘ 

It-* tlepth' ha\'' n oniv n.uti.iliy .souii*l»^h ih*' mont mtor 
til olaaineil with the .ippanitu^ inv^niiMl li\ 
laeiitenant l?n»^ k«s T.SA., f.^r ifiv »if a^ri rtanan;^' 

the Xtafur* oj tne M lie* ih^oj^est «i( lh<^H4* tiouiid 

itiijH Wii*» t ik'* n III tie* Nortli I’a# ihr. Hi Mr rM'hrin;: Stiait. 
wht^n) tlv' Uatom at f«*« 1. ami I'onhi-t.H « Ithaly ot 

inh ro^cojae .nili* •’le lls, nMim'<l •Itftfotn'tri <t , ** whirh are ui 
a ivmarkahh' .^lat.* of jfre-* rvati<ai, fr*'’|Uriitly with tho valv* -. 
unil<<h ami ev»'n n tainiriu' the romainH of the hoft |iart>. * 
Ihhs statement of I*rofo'^>»»r l>.iiley of Ncnv ork, wlm t^x- 
amim^tl tin* sj»<'< imen% is evhh'nee tliat the sen containn silir.i 
in S*»lutioii, ;i!thoUo|| liave not <leteeUMl its presi-ime 

hy aualy>i>, StHeimens fnan the South I'acifie, uhtaineil 
fr»>m the in'd of the conil feea at a depth of 12,1)00 h-el, were 
pronounced by the same autliority V* yield repn^entatives of 
most of the groups of mieroscopic f»rg;uiisrnH usually foumi 
in marine fMMlimeiits, the jiredoiiiinarit forms lM?iiig nilif ious 
spicules of sjHinges, willt a few' diatoms, and only om^ perfer t 
shell of fommiiiifene. This test of the ocean lsMl by d<‘e[» 
sounding differs considf^mbly from thos<5 obUitnod in the 
Atlalitic, which W'ere almost wholly roiiiprisisl of the latter 
genus, and of a calcareous naiun.*, wdiile the fonner were 
nnxstly silicious, ‘‘ThU only makes the condition of things 
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ill the northern AtUntie the iMre inteieitiiig; beetuee,*’ le* 
marks Pnifessor Bailey» ** they pitrre that deqi water is net 
necessarily underlaid by forammiferetts depositSt and that 
Home peculiar local conditions of temperaUue, currents, or 
ge<di»}dciil substratum, have made the North Atlantic a per 
ft^cl vivarium for the caleaitHuis fom^nJ* May this condition 
n<a arisi! frr>m the pnnionce of silica and silmowhmcKting 
/»iopliyt4?H in the South Pacific, as living remnants of extinct 
tliitnmnrn9\ wluMUf! shells enter chiefly into the comf^mition 
«»f the silirinus ricks foriuiiig the lower crust of the earth I — 
a hyiKithesis sug*^4‘st4*d by our s}>4-i*uhitive n*inarkii on the 
primary formation of gntuiU^^ and quarts rnk Is-fore they 
wen* inetariejrpleiSiHl by Vfdcanic heat. It is worthy of n*- 
mark hen*, that most of the bmud in the Sea. 

re ar the AtHtnilian shores «if the Pacitie. an* analogous to ih** 
.speci« s Ilf mailnqsin'S, fonniti;; the m»*st numenni^^ fossils of 
tlie ancient lime.Himn* nn’ks : also some s|N‘<‘ies of siiells aUk*<l 
to the f*\tiiict treiius of 

1*50. Ih*^p S*^uut{in<j4* f/i Hit /y E*h}li^}4 

t(»rs . — The Atlantic theaii iHcupies only half the superficial 
i xteiit given to tlie an*a of the l*acific\ an*! is e>timate»l at 
1 * 5 , 000,(100 sqimn! miles — th«’ two fonning h vi In ’graphical 
divisions in the aggn*gate rather more than all the other 
oeoaiis and sulisidiary seas together. It extends SOoo nules 
fiom north to south, and its hn*adth varies fn»m IStK) t<» 
5400 miles. i If all the (H'enn.s this is Wst known in its 
jdiysieal phenomena, and its IhnI has Invn accurately s<»unde4l 
to the greatest depths kmnm in the wa generally. ‘^Thus, 
('aptain Sir >slwanl Ik'loher, K.X,, in lat. 4' X.. long. 
10* 0' W., sounded to the depth of 3065 fathom.s » 18.390 
f»*et ; Captain IJaniett. ItX., in lat 41" 2' X„ long, 44^3' 
W., Hounded to the tlepth of 3700 fathoms, or 22,200 fet»t ; 
(*apUitii Sir James lioss, I{.X.,4n 1840, to 2677 fathoms, or 
16,062 foi?! ; and afU^rwanls in lat. 33"' 3' S,, long. 9^ 
to 4600 fathoms, or 27,600 feet ; and Captiin Denham, 
JI.M.S. ll<*rald, Iwis obtained soundings at the viist depth 
of 7706 fathoms 46,236 ftH?t, or alK>ut 8J English miles, 

H 
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This, which is? th«» ilcc{V!*.>t t vrr ycl fakrit, 4^Turr»»<i u 

the 30th OctoU.T in lal, 30 VJ S.* h»n^. 37 6 \V • 
There are ibubU to the luvuracy of ihia hiAl ile|ith, hm it m 
aappo8«il the line may have Ihhui exUrntteil hortiimtiilly hy 
the cimenta. To cWk thie emrji the plati now adopte<i is 
to time the de^^enl of the weii^ht attached to a line always 
of the liaiue thickm^ and make, by which meaiia it oan W 
when the sitikee ceascnl cany* tite Hue 
which it thuf 5i at a d^vru^asing mte fnmi m'canic prcsMirt , 
while etirn-Jits do at a uniform raU\ Thin cln-ck u|^ !j 
t^m»w of difp w;ia <\stahUahiH| Uy Maur\ and i-tht r 

hydn>'^^pht rs ; an I lai tcstiiitf the sininditi^M *4 Hn!i‘-h 
hydnd»<’i^t:&, th*"!'" wait ^h 1 *wi!l^» that thf \vrr»- lu * 

an rcjH.ft had made tln*m t-» U. With ini|*n‘\*tl 
apjiamtiu and by tinn-% two htindnd MtjundniiL’^ 

hav« tj4>en ns.id«‘ by i^hrrrit of thi* American n tvy, froin 
w'hi^h a ehart *1 t!o’ N*Ttli Allaiitu Ui^in h.*-^ Im*.*! f.»»i 
.^h it-- at* r df hth'* fn»n» lofio 

fathofaii, and tlo t d 1^111 «»f ihi*. oci an \ .ill«*v. 

^ *mjr '*1 /^Vw/ (h* 

0/ ih*^ S^^t, — It w ••‘♦jwiaally lliiit lirx»»*k«‘*s souini 

nc^-r»*l l»riAi;4ht u]* th»‘ rfiuaui^ of infimoria, diowin^! that 

th*^ tiulf Sin ain ha- hl« rally htn wa-d tin* lK.tt**in **f lh»* 
Atlantic with lh*‘-i* Mjiic ah^lU. Th«‘ir un.ibradf d 

:ip|*i'amnt c, ’‘and th** almo-t t/ibil abHcuo* of the mixture »*f 
any detritus from the M*a or forci^ni inalt^T, moni 

forcibly the hlca of juTfect rcbon* at the Inittoin of the deep 
sea. Some of the specimeiia that llrm/kes apparatu.s h;is 
brought up an* as pure and fr»*i» fnun the Hand of the sea mm 
the nnoMT-tlake that falls, when it is calm, on tin* lea, is from 
the dust of the earth. Inde^l ihew miundingH .HUggent the 
idea that the Bca, like the 8iio\v>cloud wdth its ilak<*H in a 
calm, i.s always letting fall n[H>ri its lied Hhowers of thcs«* 
mi<;ro8copic shfdlH ; and we may n.*adily imagine that the 
‘ sunlit ivrecks ’ w'hich Htrew iU botUun are, in thci piweMH 
of ages, hid under this fleecy covering, pn^Kcnting the 
• * Encyclojuetiia Britannica/ art. •* Atlantic Orean.” 
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rniiii<l<-<i ;i{i|K'.'inttit:o which hi MHjn over Uiv IkkIj* of the 
traveller who Iww jiertHhcil in tho enow-eUiim, Th« oc«>an, 
within nnd near the tropicM, awaim* with life. 
The nimaina of ite myriads of moving things are conveyed by 
cunrenta, and scattered and lodged in the oonise tune 
all over its bottom. This process, continued for ages, has 
covenHl the depths of the ocean as with a mantle, consistini^ 
Ilf organisms as delicate as thn niacleil frost, and as light as 
the undrifted snnw-dakc on the mountain.''* 

252 . ami Ih'pth of the hotian Ocean md eorrectly 
mevrtatnefl. — The Indian (tccaii comprises all that hydro- 
graphical division ls*tw«*cii the .-Vtitarctic Ocean in the south 
hemi«pl>cre and tlie shon-s of the Asi.'itic continent in the 
north' — an ext<*nt of ulHiut <5500 miles of latitudi^ and from 
tic .Afri' iui coast on tin- west to ih'- Australian shores on the 
c.ist, ranging from liOOli to 4tMio miles Is-iwecn the coast of 
Arabia and that of Malacca. North of the eipiator its shores 
arc rendered very irngular by the great Asiatic )H‘ninsulas of 
.\rabia and liin b>st;tn. anmnd which its brandies fonn the 
Ib'tl Sea, llic Persian (»ulf. and the Itay of Itengil. The 
area ol iln' Indian ( icean i.s c»tiniate«l at 2t*,tMMi,(Hi0 sejuarx* 
geo;:raphical miles. Its greatest depths have not yet l»eon 
aMcrtaitied with such a degree of com'ctm?ss as to entitle 
th 1 111 to till* KIlur Jli* th<» i|rrj> St»UI|dill^S the 

Atlantic. At the Ktiiiu* time th^rt* an* data for ct.*iirlut}iiig 
that tln'M* an* <‘«|uaily prolttumt. t>u t»iu» (vca^ioii, when an 
AmcriiMii survey iii;4 sliip \va;> in tho divp waters of this 
<ntau. LieuUiiani ItriHiko east his ingmioiw 
\^hit h run out tho lino to the enonui»Us*t lon^^th of 
fithoiiis, or feet, when it tout htnl the iKittom. Un- 

fortunately, however, the lino hroko, iukI the iiMs^ting-a{>- 
pamlUH was lost, so that llio imtim* of tho cK^oan-lnMl could 
not he iisia‘rtained* This was to l>o n*gr(*tte<l, as he rejHirts 
that “Hueh ojiiHirlunitios are mn* in that Uvality; yet, ow^iig 
to tile eurront of sixty miles, it will lie a ditlicult matter to 
detoriuine its absoluU* depth, Thai current was not as su{H’>r- 
• * IMiYMical Uco^phy of the Bes,* by M. F. Maury. 
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ficiiil as one might at fii'st suppose*, for it wjw iluring tin* 
latter [xirl of the oi>enuiou that the lH>at exiK»rieiio«**l its 
etfect, aiul it wouhl soem that, hiul the curri'Ut been supn- 
Ucial, the lino wouKl have* given iiulieati<>n by teiuling ahiM«l, 
when*as it nm right »iowiL that current 

liical, which a*Ms to the pD»UibiIity of its depth.** All«>wing 
an error of 224ti feet for the curre nt, and adding this depth 
to the highe>t {>eak td' the ilimalayas aVnive tin* sea level, 
we have hen* a vertical elevation of lan»l not h-s^ thun thii 
teen miles in |»erpen*li< ular Inaght, ttr fe<*t, ft)rniing 

35 |th j»;irt of t!ie earth’s nidiuN at its mean diameter »*f 
miles. As th <*>** •umlings are extended into the 

higher latitn»h s of the Imiian i Icean. when the >t'a enier> 
the gruml southern extra eir»*uiiip‘»la! dep^e^-i<ln of the earth, 
gr\*at**r depths iii all pr'Uibiliiv will In* reacheil, 

ii *' f /Ae ih't tiu fint #/» * 

— The Aiit4»r» tic Hi* an ei*rnprises all lie* area 
the Southern l.ililU‘ie^ refern*tl to, and ftrming a MUperlieial 
radius roiwel tie* s*.uih p«»ie nf 2*^ 2^\ or It<*S milen, pn* 
sl itting a < ircle ••i the einh’*' .HJirt’aci* )ia\ ing a diameter of 
lJv?lt5 miles, and an appro\iiiMt4« area of O,0on,0()0 sipian- 
geugraphical miltH. I rom thin it will 1-* >M*en that the 
l^mndary of tiiis M^-e.dhd »rt «Mn is ipiile arbitrary, aiel has 
no exact dehniti'.n fompaied with the land, as a line <d coitsi 
that emin» ntly Is.loijgH to other great hy<ln»gmphical divi 

sions of the ^ca. A<<ording to the natuml definition of its 
M’aterH. they are ncTely tin: iw»uthern prol'mgalioiiH of the 
Atlantic*, Pacific, and Indian Oeeans, which in themnelveh 
Tire only st^parated by imaginary meridian limes, until thi^y 
lave the icedjKjund .shores of ilie south polar cfuitinent. Few 
navigators have rated beyond the ar1>itniry iKUindarv 
of this tjuajfi ocean, in latitude. fJG" 32'. Tln^ first dis- 
tinguished explonT was baptain (.*ook, who reached 71' 10' 
30" S, lat., in 107^ FI long., on January 30, 1774 ; and 
among the latest is Sir James Koss, who tmeed the sliores of 
the great south VicUma I.^nd from lat. 7r to m;arly lat. 7*S ^ 
and on February 2, 1841, reaehef] 78' !(/ S. lat., in 107' 
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27' W. whi n hw furthiT wan hy a 

hiiiTi«T of icr, |iri*Hi*ntiii({ a jM-r|H?n<Iiculiir ffti.i* of 150 
ill hojoJit, and far c»vi*rtoj*j»in^ tin* »hij/H imufta. It would 
ii|»jM‘rtr, from tlu* tumndiii^H iiuwh* during this oxixiiition in 
th** j^hiprt KndaiH and Tt iror, that the in that n-*gion anj 
< i»ni|»anitiv<'ly shallow. Them* randy excei‘«ltil 4oo fiithom>. or 
2 too frri, Udn;/ more fn ijuently fn>ni 1200 to IHOO fe4*t, sm 
the Miiindin^' apjianitiiH waii cnat in liigher latitudes. ThU 
wonlil indicate a ^'nidual hliallowin^ of the s«‘a in the maith- 
ern einMunnavi^Mhle waters, then-hy sii|»j»ortinj^ the the-f#rj' 
of a south jHilar er»fitinent, and illustrative of our liyiM»thesis 
that the Mihinarine levels «»f the land in thes4' regions tijH'r 
suddenly tow.inls the tMile, which we liave roiniKin*d to the 
n.iiTt»w end of a h iuon. 

251. An 'I tintl Ihjtfh t*j[ thf' -diWfV thmu} onhj 
at*hj The Arctic Heean is a well-^lefiiu*^! hydne 

i^rajdiical tlivision of the nniversid M‘a, with its shon^s* clearly 
]narkt*d «»\il hy the t*xtn iiiities of the continents of Eun»|»(*, 
Asia, and America. In this re*-jH*< i its fratnn*s an* •jnite the 
of thf»se [»n*sent«-<l l»y tin* assumed counterj^^irt at 
its antipodes ; while <»f the j:n*al in'eans it is the most 
eiielosril hy land. In ilescrihiuj; its Umndarits. p*-igrajdiers 
c;ist iiside tin* imaginary line of the arctic circli% ami delineate 
its an a hy the I'oast lines, which in some jdaces an* within, 
and in otln^rs without, that cindt*, when^ it i.s nniUHi to the 
IVilir hy Hehrin^' Strait, ami to the Atlantic Viy a wide 
channel lu tweeii (JnMuilaml ami Xonvay. Ahinni^h none of 
till* many intn*pid navij^^itors who have ex[donHl this inhos- 
pilahle n**:ioii have peiietnited to the north jKiIe, or crossed 
the bi;:hest latitudes from east to west, yet there an* sufticient 
data to infer from their oliservations that a {Hdar exists, 
only that its wat4*rs an* ii'e Kmiul during the greater |>art of 
the year. “The Antic Oeeaii freezes even in sn miner ; and 
during tht* eight winter months a continuous Inxly of ic^ ex- 
temls in every din*ction fnmi the pole, tilling the area of a 
circle lK*tween 2000 and 3000 miles in diameter.” The area 
of this c»cenn may be estimated at from 4,000,000 to 5,000,000 
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square geographical miles; hut no niiiuito conq utaiton has 
Inxm veiitimHl upon hy hyilrographem, as t!u^ ttnexphkmi 
regions still fonu a coiisiilenthle blank on their cluirtic l)r 
Kane sountleti in Iktfiin Iliy near its axis, niul foniul ll>oo 
fathoms 1 h 4(H) iWt. Of its ^rivati st ^loptiis we an^ not 
furnisln*«l with any h\ tip- navigators wlni jH in* 

tinted furthest inl»» t»nlr.il la!ii>nle>. It wouh^ ap|»‘ai 
that th» ir etforts in • vpl ring it> >upertieies \ven> ho jaunl 
MVrr lh*“ ni'Ms uf it f whi»h t‘*\rreil the o<*»an, that thin l*av 
ritT, an‘l w‘:i!it '.'f p!> \« ul»tl >ountHng the »h*« prst pirtN. 

\Vh-.*n \»‘r th- water tr-x*.,.! in >h ill,>\v part'-, it apjieart il 
t'Xtrmp'ly pure. .‘'Kt 11> ?«!!;/ ili'-tna tlv vi>iMi* at a ih plh «*! 
4^0 H als‘» {»!♦•-< nt^^l nipi4 tiunsUif.iis » t f ol.an, 

<‘hi» {iv frun ultniniatup V* er» en — tin* latt* r prothi<*» ’l 

by th*‘ pr»'>en« i* i#f in\riii«iH tif marjiH* aniniaN. 

2aa. I*r' • / Afinnn! IJh itf th*' }f**fifrr 

III tins outline ..f i)i«' b%i*linjj: features presente<l by 
the live great hy<lp»jriphi» al »iivi^i«»nH i>f the worM. enough 
hits Is’eri a4hane<Ml to furnish a roinprelnuiHivt* view of the 
sea without ent# ring into separate il»‘M ripti»uis of the sul> 
Hi»liary ainl inhunl iir*t iii<‘linl«Ml in these roin|»utati<ins. 

Suffn:e it tovay, that the aggregate an a of the Me<liiernineaii, 
( *<kspiaii, IJaltie, aiel l>hiek Seas, is entiinate«l at not niori' than 
2,2*.)l.HOO square geograpliieal miles. ( H’ these seaa tin* 
Me<li terra nean is the deepest, IsUlig 00()0 feet at one spot 
where the telpgra[ih cable lies at tin? b»ittoni, lH*tween the 
island of <a)rfu am! fttmnto in Italy; and at a point midway 
lH‘twf;en Malta ami Oet#*, (*apiain Spnitt Houmled to a d»*pth 
of 2300 fathoms = 1 3.rt00 feel — the soundingH )>ringing uj> 
the usual calcan^ous shells *4 ff/rnminife.rfi^ hut few <»r none 
of silicions diatomarefn. Here, also, is an iiistamre of th** 
extraonlinary prfMliictiveneHa of s^^a-waters ; and the pnidm - 
tioiKS of the Mcditorranenn are genemlly of a inoro tmpiral 
eha;«u^ter than thoae of the lands whieii idait on its shores. 
“ The eountlcss numbers of the larger spinaee4>-finned fishes 
sporting near the surfaeo, which makes the Medit4«rninean 
gay with the tint of evciy colour, tin? lustrr? of every imrtal, 
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and tho glow of every gem — the grrivee of preeiouii eoml — 
the inultituilee of cruntacea, mollueca, and all the other |iro- 
<luctiuns uf the det^p — ^all ten t to make this inland aea one 
of the wondem of nature ; and there ia really nothing in the 
latitudea <»f the Ailatiiic or the Pacitic tiiat mn vie 
with it.’’ From thia wo ioft^r that in thi^a^.* ]and-hx*ki^l 
waU*ra w»* have the itMiiuiiting Hj»eeirj* of the trupic«al em in 
Kuro|M; that inliahiteil iiinre northern wnio, but which have 
•‘Xtiiiet nr iuigrate4l tn the j»re)«*nt tnipieal nceaD.**. 

( )f their n l)cauty. as exeinphtied in exi>ting s|M-4*i**s. 
11 “ “lie has ftirniKhed siieli a ^^raphic desi riplii'ii as the Cier- 
man mllll^ali*^t Schleid«*n, in his j»ubli>hi*il leitun*s, lr»*m 
wliirh we ipiob* the f“ll“win;; |>a»ap\s translated in Maury’* 
‘ Physical < i«*“^rajdiy “f the Sea* : — 

,sVAA /d* N /f “/‘/Ae 

Fif^h in thi* I/tJi^tii ** We dive into the liijuid erv^tai 

“f tilt* Indian Oi-eaii. an<l it “pens to ns the nntst \V“iidD»us 
t^nehaiitmeiils of th»' fairy tales nf 4*ur ehildlnsHi’s dnxuns. 
I’h*' slnin^ely hnuiehing thiekeli^ l»**ar living |1 “Wvih. l>ensi^ 
m.uNHi^s nf uuitn lniniji ami rmitni^t with the deafy. 

cup.^hajM'd expaiisiniH id' the the variously 

ramified whieli an* uow spn*a*l nul like tingi-rs. 

noNv risi* in trunk like bnimlies, ami now display the most 
elegant array nf inlerlaring branches. The colouring sur- 
passes everything ; vivid gnvn altiTiiales with bitiwu or 
yellow; lieli tints of purph\ from |*;ih» itHl-brown to the 
deep«\Ht blue. Ilrilliaiit n>s\\ yellow, or |H%ieh-eoIoun*ti nulli- 
/M/rejt overgrow the decaying masses, ami an* themselves 
interwoviMi with the {Hvarl-iHiIounsl plates td' tho rc/f/wes, 
n?seinbling llio ino.st delicate ivory carvings, ('lose by, wave 
till' yellow ami lilac fan.H, jK‘rforatiHl like tndlis-work, of tlie 
tjnrynuia*. Tlie clear s;uul of the iK^tUmi is coveroil with 
the thousand strange forms and tints of the iiea*urrhins and 
star dishes. I'lio leaf like and tsschatM adher% like 

iiioHses and lichens bi the branches of the corals ; Uio yellow, 
gre(»n, and pur]de-sirip<Hl Iiin|>ets cling like monstrous cochi^ 
Ileal insects upon their trunks. Like gigiuitic cactus-bh>s- 
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somSf sparkling in the most ardent eoiours. the s^a ant inones 
e^^pand tht*ir crowns of tentacles n[H*n the hniken or 

monr mcKlestly embellish the flat Inutonu KH»kiiig like In ds of 
ranuneulust^s. Anmnl tlo> Mossi'ins of the eomi shm)^ pluy 
the humming-binls of the ^K'ean- liiile tiffli Hparkling with 
rcil or blue metallic glitter, or gleaming in gold* n given, «»r 
in the brightest sdveT\ lusm*. 

-o7, *• Softly, like >j>irits of the the ilelieuto milk 

white blv.i*«h ^f the jelly-tidies float thnmgh this 

charmed w>.rl‘i- Here the gleiuning violet am! gold grim 
l>aU‘lu*, ami the flaming y* llow. black, and vermilioioMri|M %l 
('»H|Uelte, chase their prt y ; then* the Wnd li>lj ^Innaa, smik« • 
like, thnmgh the lhi‘ ket, like a long silver ribbrni. glitti nng 
with n^sy i‘r .i/nn- hms. Then coim* the fabnlous culth' ti>h, 
deckt^i in all the i*f the r.iinlKiw, but maiked Iin n«» 

detiiiite outline, apj^ariiig and tli'^appearing, int4^rero»isiiig. 
joining company and parting again, in most ianta>lii' A\ays ; 
and all this in the most mpi<l change, and ami*l tin* most 
Wf»nderfal play of light and shade, alternate**! by e\a*rv breath 
of wind and every slight curling of the surfuee of the o^ ean. 
When day d**<f*lines, and the .nhadcs of night lay lioM uj»i»n 
the deep, this fiint;v<tie garden is lighted up in m^w splen 
dour. of glowing sjcirks, little mieroseopic mednsis 

and cnislaoans, dance like glow'-wornis through ih'* glcKun. 
The sea - b atloT, which by daylight is vermilion - c4ilour<Mb 
waven in a greenish pli(»Hph<»rcsceiit light. Kvery Ciirner ot 
it is lustrous, Tarls wdiicli by day wer»s dull and brown, 
perhaps, and retrefite<l fn»rn the sight amhl the univcrwil 
brilliancy of colour, are now' ra«]iant in the nmat w'onderful 
display of green, yellow, and nd light; and to complete the 
wonders of the enchante<l night, thi? silver ilisc, six feet 
acrosa, of the mmndiah, niovc^, slightly Itiininous, among the 
crowd of little sparkling stars, 

“The most luxuriant vegetation of a tropical land- 
scape cannot unfold as great wealth of form, while in the 
variety and splendour of colour it would stand fur l>ehiiid 
this garden - landsca|ic, which is strangely coni{Kisod exclti- 
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(if antinaliv, and titii of planta; for, cliaraetcriatic aa 
th<* luxuriant dovdopment of vi^«tation of the temperate 
r.4iii(*a ia of the midxittoin, the fiiliieaa and iiiultiplicity of the 
tiiartiie fauiui in juat aa proiiiifieiit in the re^ona of the 
Whatever in la^autiful, wondnnia, or uneomimm 
in lh«* ^'resit elaHHea of finh and eehinoiieima, jelly - fi>»he« 
anil |H»Iy]H*j4, and inollusea of all kindn, U crowdi^l into the 
wanii and rrystal waters of the tnipie^'il — n-sta in the 

white sands, elotijes ilie rou^h cliffs, elinj^s, whent the rix»m 
is aln^adv oteuphd, like a panisite ujhui the first comers, or 
swims throu^'h the ahallow's and deptlis of the elemenU — 
while the iii.ass of ve^^ tation i« of u far inf»‘rior imipiitude. 
It is |M‘ruliar in relation to this, that the law valid on land, 
aec iirdin;^ to whieh the animal kitij'doiii, )K*in;4 In-tter ailapt4sl 
to aecoiniiiod.ite it>elf i^i oiitwunl cin*ii!nsUnees, luu* a prvater 
ditfusion than the ve;»etahle kiiif^tlom -- fi»r the js»hir seiis 
Hwanu with whales, seals, ma hinis, fishes, aiiil countless 
nuiiilH*rs of the lower aiiiimils, even where every tniee of ve^^. 
lalioii has lon^ vaiiisln**! in the eternally fmzen ha-, and the 
eoiihMl Sea fo^te^s no swvweed — that this law, I say, holds 
•^'oikI also for the sea, in the diriM iion of its depth ; for when 
we deMi-nd, Vegetable life vanishes much s«H>ner than the 
animal, and even fnan the depths t«> which no ray of li]|;ht 
is eapahle of iK-netniting, the soundingdead brings up news 
at least of living infusoria/' 

2r>y. Zonphi/h^ from the Atlantic in the Frtneh 
tit Arcachon, — Our more northern teiiiiK*mte wis an» not in- 
hahited hy such gorgeous colotinHl rmiphytes os those existing 
in tropical (K'eans; but in the fmuth of Kuro[H\ on the Atlan- 
tic, many U^atitiful foniis and colours are to be found. At 
Anachon, in Fmnco, situatinl on ** Bioeay’s sltM'pless Wy/* 
till* largest a4}uariuiii in Kurofie has Uson constructed, con- 
taining H|H!cim6nii of the iiu^t interesting cn^atuies of the 
wondrous deep. As it is Bitustod on the ioa-caast, cestaiii 
species whicli could not bear being conveyed firom place to 
plm^e inland may he fowml in it, brought directly fnuu the 
sea. Among the strangest tenauta of this watery |mlaoe, the 
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i^f tlu> siUlio fumily iw what is <'oinin«)nly 
CiiiUnt the ** PorlUi»iu*Si' umii of-war/' hohl* tlu* lirst rank, lU 
IxrIy ooii5iisU of a lar^i' of a Wautiful Muish luotla r of- 

pearl tin.uo, and sunuounuil with a cn‘st |>n‘soiitin^ the various 
hues iviupristMl Ivtween a purple aiul a lirilliaui nsl. Fn»in 
the l^»ily then' l<sue splendid hlae peduiieh s, «*ndin^ in violrt 
u4-isels, eoiiij>«>Si*d of little lilaiie nis, eaeh t»f which is in con- 
stant Illation ; aUi lon;4 spiral lihres, constantly j;»ung up and 
down, and otht i> ti»r2ned of transjKihut jHMrls, |>reM'nting all 
tie* •‘••iMurs of ihi* raiiilnjw. N»‘\t to this nio^t l UriiUis ainl 
en atuio, tie - 1 tuil«* tidi may ht‘ sct*m w ith its (dc|ihunt's 
head and undulatitij manth- « f vari»>us hues ; and anotluT 
>tran;^'e /o<*ph\t«\ uith it" le ad like a liare, and its tins lM*r 
tier»*»I with purple, Th - tank would U- loo l»in;,r to enuiuerati* 
all the stran-:e d«*rii/en> of tli** <le«*p that h.ive found lio>pi 
talily at Anaeleoi, ray-', lt»rjH*»lo4-s, ,>4‘a- ht»r>i‘s, s«*a- 

spid»*pi, af(d olio r euri»»u^ rivatun " typn al of aiiimateil nalnn^ 
on "liore. Tiiu-i the -ra .-<pid* r • nt*' »*!) a l**af from some aquatic 
[*lant at haii 1, ch»o\ ^ it inU* a pulp, and af!4 r\vard8 puts tlie 
latte r on his l»a* k. Tl:»* ron-eiiuf-nei* js that his prt*y, se4dn>» 
this ;;r*'**n stuff, wlti< h it take- t«»r an i^lainl or a tuft of 
;;eU ujM»n it, and tie* m*»ment all^ r lias rau-'e to nqM'iit its aet. 

'Jh^K 7 /Ve /V// 7 /< ith ft/ MftNfT^ fftlf tt atn- 

^htH Kj’tinrt I, I ft' jhtitlhitj in jS/x#ee. KijUallv 
cnrioiN in form, ate! ^orm-iine s brilliant in cohuir, an* the 
counilesji mvriad-t of wlu n viewed under the |H*wer 

f»f the riiicros< i.pe ; that proUihlv the laiyer forms of /o4>- 
phytfs are darivni from ile ir }ni]iijt4» progenitors, thu Hpecies 
ixdn^/ armnu;nt4?rl and alu-n**! in the rourm* of lime and hy the 
influence of Anti tfese /«>f;phyt4'a theiux<dve#<, 

Inrarin^ such extrwi-nlinary nr-fM-mMancrNt Ui eiephniitj*, horneM, 
hiinf^s^and other land Aninialii. may have h«*etl the typical foniin 
cn.'iiUd in the primeval s#*a from wdiieh they apriuiK, When 

we ^rvneet thta FU^ei»tivf* hh-si with wliai haa ahown 

of the fact that exh*ii5»ive fonimtioM in the mrih a rnwt im? 
comjHjrteil of the r«*inatns of fn/i##v#rtVf, dinUminreir^ and other 
z^rf'phyif A, we caiirif^t hnik U|»riii “ fitir coiniiion earth ” m the 
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inrrt in.w <*f !nutt«T wliirh th«* oM fiatronomcrH and clit^fniaU 
wiHiM hav«.* iiH Iwlirvj* lH»r t-> a n«‘w and living 

hiHt 4 >ry in oprurd up to our ^ronU'iupIation that (*nhanc<«a our 
vriH-ralioii for tlu; primary <‘o!u*tilutinn of ilie world wlom it 
< inaiiat<Ml from llu* liaiuia of tho ('roalor. If rf»<*kK can 
1h* prov<Ml lN«ynnd a *1011111 to havo lunji foriijHi hy the lalK^un* 
of inariiH* livinj^ rroatiin^s, wlii-iv is tin* (ontTHr}* e%'id<*nc:c* that 
vvi*ry format i«»n of tin.' earth s ^rnl^t «lid in»t ntnaiiaU? primarily 
from tin* Kim*' .sotm‘<% ainl aft^-rwanl?* iM'oaiin* iiH'taiiiorpln*t«od 
l»y of tln*ir own jjn'jfiiun* ;^ononitin;( tin* boat that huIh 

s**fpn*ntly prodm*<**l tin* oriiptivt* furm«? This is a qut‘«?tioii 
that mij^lil h<* i iilarp d upon, hut in»t hi*r»*. ;is it is in a iin*;is- 
uro foii-ii'ii h» tin* suhj«*cl in liainl. Sutliriont* hownver. lus 
)n*i*n aihain od in sln*\v that tin* land whi**h anls inatorially 
in proihn in;' v»*o**lahh* and animal lif**, is uoi alt 4 r^»*tlnT a 
irn*r»' lif**!*’!vi d**jnmit of tin* td» iin*nts. Vi«*wo*l in this li^ht, 
it is tin* «**mc''t*‘ry of th*»so countl 4 *ss myrhnls «»f marine en.*a- 
tun*s *if oxijuisito In^anty that rf*nd»*n‘*l tin* waters of the 
primeval M*a a imiss <»f livint; i*utncHl*f\ suirmindin^ the outer 
shell, makin;4 the worl*!, iis it w**r»*, a >Iu[m*iii1ous rnrritutr 
tloatin;^^ in tin? Imuinih eth«*r <‘f the universe. In this light 
als«> we may view the r»*cks as containing tin* bright elements 
of «*olour tinil tlaz/h'd tin* waves at night, <'r glowinl in the 
sunlight of tin* prisliin* <kv 4 Ui. \Vlu*ii we see the varhms 
hu«*s that stn ak the nn ks, ainl glitter in the mineral world, 
perhaiw thes** an' tin* remains of the bright tints exinicteti 
fn»m the sea hy the primitive nn> 11 us 4 *an laUmitories, Kveii 
the brightest gems found in its thill n>cky matrix may have 
d«*rive<t th**ir hriliiaiicy frt»tii (he pigmeiiU originally ohtaineii 
fr«>m the (H*i*iiii, thn»ugh the uleiiihica of mophytes, molluscs, 
*>r hrilliani-HtNile*! fishi*s. 

2d I, Sjfetiilrttivf* on //le On'flin of Itriffht-- 

rolifunul Animah. — Hon* the 8{>eetilative rhemictU phiKifiophor 
might tnu*e soma aftiinty l>otwfH*ti the bright linta of the 
ininenil world aiul the hrillmiit colours of »K>phytea» testneea, 
ami cnisbweii, eaptnually those inhabiting topical seas — realis- 
ing, ill some nu'iumre, the jKieCs uUia, tliat 
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“ Full nuuiy a cvm i*r my noivi***, 

Th« cavims i»f cvi^aii War 

u'ith this ;uhli*nilam, that it is |>«»ANibh‘ thi»ir U^auiy may 
havt> bivn ih'hvt^l orii^inaliy fn*m the sea itself, lie Tiii^ht 
ar^'Ue that thou>:h the of iiKheii n^llecl the rays tif liu'ht, 

iri mo<t cases, like the evanescent rain)w>w hues •»f the sjM e* 
train, the Ofhmr^of marine emituns imiieate the exisfenee of 
I juuuuvnt, extras te*i l.y the animal fn>m sea- water, ami may 
a I hf nu ai t‘4f!iistuaent in tin- Unly of a /<H'pliyte «»r a 
eru-'Meea, thes^- Ljrvunil' lo' nn,:ht imtuire if. uinoni* the 

♦ of tie' r*‘UjitirN.s ::;ynaiK of ]*ri^'ht eiilouretl marine 

.trtirniN that t“nne4 tht- ne llieir pi^um nts iia\e 

r*ot eittere*.! the UMUtifeJ t r\ -•taU of tliior spar ainl •>?h' r 
' ,il* are» 'iH miii, ( ir, further hm k t** the theory that 

r^'ks .ir^* tiie met.uut>rphoHril e\uvi;e of extitirt mo| 
la*44>, tiutou,-', are! ♦ n>t ie»-an-, ha\in^» .silex the hasi^ ol 
their ^trueiure, h» luijht thu^ u « *vunt for the eolourirr^; matter 
»»f the ane tiiV'.t, the t“j«a/. the erneral*!. the nihy, aiel **th» r 
i'oh»afe#i jK*ni** «iejtv*#i frotu aiiah'^^'oijH M^.ureen, If he 

were toi^i that Wa'* A far 1« t< lie.l liyp«»thesu. he nii;:ht 

i- oit t»» the j-f arl a- a pur pr»*«luet of the '-ei. pp-v.^ the 

itistn' an.! of n cem wjtliout ne tamorphoni*. hy heat. 

A** ♦violence thst Ml the <lepth oj the i*<’eafl there 

rrivriar!-* oj hri;;ht coi-.ure»l i reature^i where h*rmerlv il was 
Mtp{»^»^<**l n ue* 'o:u,l f ur* i. he js.nit In the nnuit 

^IrrsloinK* ojM.nitif»n*< *.n the Ane man r‘xt>t. where, at a ilejiih 
of inorv* tlnin f^^.t, «-*me U autiful /«'‘»phytei» aiel * rurtla- 

reans have Wn h'‘ho(l up, proMn;" that •animal life exmts 
at ffTT-at depths in as gn?at «Ii%‘er**ity, ami ;u* ;^reat an ahnml 
wi in shallowr water/’ AIh-., “that m far fpun 
lifeh*^^ the deep s^-Wittom twui* With aiiimal life and with 
ereaturrA of a very ivrmarkahh* kind, noun* of whieh ronneet 
long fiost gerdogieal ffericala with the grsr»h»gi/^l artion 
on itirour own time/' • 

262 . Wnnfhr/ul S^f^nery and JJff^ {n the^ Sea dr^riM by 
6Veei-i. the Direr,-- The re^markahh* analogy hfAwei!!) the fonna 
• ' Athten^nryi,' D^rttiibcr IJWML 
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of S4 a an«l liiinl fauna and jltora iit 4*v<*ry day more and 

iiiorr illimtnitetl aj4 uur tvHearchea inUj the* d<‘})tkH and 

hliallowM Ilf tht? and the eMuarifj* of iiiiglity river«- 

Aiiinitg the* practical inv«*Htigaton» of Kubiiiariiie Mr 

<irccn, the faiiioUM tlivi*r» furniAbcH wjim* grii[»hic <l<-!i4criptioiw 
♦ »f what lie hits ill the ch ar \vat4*r«of the Atlantic, among 
till* India islaiulH, hh f«dlo\vj4 : — “The Ixinkr* of coral on 

which my diviiigM w»*nf made an? aknit f«*rty inilcj* in h-ngth, 
aii*l from t4*n to tw»*nty in hn-adth. On thi^ Kink of conil 
is j*r« s4»iit«*d to the diver on#* of the ino'^l In-autiful and ^uh- 
hiiii* M eni*> the eye ever Udield, ‘I hc water varies fniu ten 
to one Inindn d feet in di,*pth, an*l i.^ so clear tlial the diver 
can ‘iei* from two i # lhn*e hundn*d feet in depth when sule 
inerted* with little iilisirnclion to the sight. The Is'li^an of 
tile octMii, in many placets on t}u%si? hanks, is as s!no<;th as a 
m.irlde thn.r ; in others, it is stmldeil with coral columns 
fr«iiu ten t*» oil** hundred feet in heiglit. ami fn»m one to 
1 ‘iglity fei t in diameter. The lops of tlio>»‘ more lofty sup- 
]»ort a tiiyri.td of |»\nuiud:il {H*iidams, each forming a myrhiAl 
mole, giving a n aliiy to the imaginary a}i*ide of soim* waler- 
nympli. In other plac# s the |N ndants form arch aiu rarcli ; 
aid ii> the diver .stands on the l>ottom of the uccaii ami 
ga/.es thi'Uigh ihe.se into the deep winding avenue, he fe<cls 
that they till liiin with as Kicn d an awe a.s if h«‘ weri' in some 
old catheilral which had long lH*i*n huried Inuiealb ‘old ocean 
wave,’ lien* ami there tin* «‘oral extends even to the .surhu'** 
of the w*iler, as if those loft hr columns were towers Udong- 
ing to those stately temples now in ruiUvS. Theix* were count- 
less varietie.s of iliminutive tn>f*s, shrubs, and plants in every 
crevice of the conils where the water dejaMaUil tin* hvist earth. 
They were, all of a faint hue, owing to the |*alo light they re- 
ceived, although of every shade, and entirely different from 
phints 1 am familiar with that vegi*tate on dry huul. t)ne in 
particular attracted my attention ; it n*seiubled a sc^a^^an of 
immenHe mzo , of variegatCMil colours, and of the most brilliant 
hue. The firth which inhabit these silvery luinks I found as 
diffen*nt in kiinl as the sceneiy was varied. They were of 
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aU foRii8» colour^ aii<} — fnmi the mofit aymmetrscal to 

the globtvlike auu-tish : fn>m of the duUeat hue to the 
changeable dolphin ; fmm the e{H»t of the leo|>anl to the hues 
of the eitnWiu ; fnmi the huniilej^ minnow to the vomcnotis 
nhark. Some have hca<lH likt* MjuinvK otliew like cale and 
di.4gs ; uiif of jfui.ill si/e a bull terrier. Some «luri«’d 

through the a-aur like nu't**ors* while others rouM «trurt*4‘!y 
la* 5>**en to move. To eouiuinite uiul exphun all the various 
kil.ds of ti^h whieJi I wliile diving on the«4^ KanK'< 

uoiill^ \v.^‘ 1 luitaril:"! *!* 'Ukdi s- d<», 0‘t|uirf inort* 

!hi!s iu*> linut-* \\ ul i ; f*r 1 .iUi r4>nvinv**d th*i? mo.-t 

of tie* kiud-^ of v. ii ‘ a iiih.iUit tlo* tn-piral *-« a van 1^ 
ft'Und thrrv illaylu. 'ht*' suii tlir >.i\\ tish. white vhark. 
blue or ?*ii 'Xel !i'‘-<'d '*ha:k^. \v» **tl* u m**!!. riii'r»* wi r« 

alno tUh that r»'>*’5nMrd plants, and i» niained a> tixed jji tie ir 
jMVsUh ii a ''lirah. i hn* only jK»\vrr tlo-y po'HH^^vt d w.is t** 
ojh ii and shut wie.u in d,inir< r. ‘ 

:]dri. f »l4 ,-rrtf-r H tiN .'1 Mirtiunr iu 

AuMfitJ^n. — Ifi thin .-iihinuriiie domain it niiuire-; ia»>ln't«h 
of iinagiiuttoii ti»ire-4- the links of the animal (nation in 
lindr procressivc d**velopm#‘nt Irom ih*- sea to tin* land, — how 
giihrespiniit: tithes eni» r>:ing from tin* water IniVi? l<*a])t (m 
sVn»n‘, until, in the laji-e i.f tln ir MjM*(d(*K (diang(*d into 

luntr-breathino animal h, Sm.h a transition f<tatn w d(.s< ril)ed 
by i'aplain t 'H^k in his * Vova*,:- i>f I>iser»verv in Atihlmlia.’ 
when*, on the shor<*s «»f tho ^'onil Sea, he, and liis st'ientiiic 
roadjutors. Sir Joni ph llanks and l)r Solander, diseoven *! 
j»reviou5dy unknown niarine and land animaln — among (»thcrH 
the kangaroo — ty[»i<;al of the extinet /ttnnn of KurojK 5 , and 
forming a misusing link in the great chain organined crea- 
tion. The amphibiou.s fish r*»fcTred Ui In? dcHcribca m fol- 
lows : — We found hcr(> a small fish of a KingTilar kind. It 
was about the size of a minnow', and had two very strong 
breastrfins. We found it in place.H that were (juite dry, 
where wc suyi^Kmed it might have Injon hjft by the tide ; but 
it did not seem hi have become luiigtiid by the want of wab^r, 
for upon our ajiprofich it leajKjd away, by the help of the 
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as uimblo as a ffog* Naitber, indeed, did it 
seem U> prefer tlie water to the land ; for when we found 
it in the water it fnH|uently leaped eiit| and pursued its way 
tijKin dry gruutul. We also observed that when it was in 
places where small stones were standing al|pve the suHace 

the water at a little dUianto from each other, it chose 
nither to leap fn>iu stone to stone than U> fsiss through the 
wait4?r ; and wv saw m?veml of them pass entindy over pudtlles 
ill tills iiiaiiiier till they came to dry ground, and then leap 
away/' 

2<*4. Jin*h a hnul • trnviUiwj FUh in 

Siiuth Athrrii'u jirr iniht< /V 0//1 Recent res4arf:hes 

of II itunili^t*^ have l« d to the di.**roYrry «»f fishes in a slill 
inort* advan«‘<Ml hia;::** of d*'V« lopnient ln»in a water n->piring 
to an aird>r<'atliiiig ^lat«^ I*r*dr>sor AgaKniz iniornia us “that, 
on the Aina/oii river in Si»uth Ainerioa, he f»*imd an extra- 
ordinary fi*^li, tliat had tin* |H,»wer of walking or rn‘4*|»ing c»n 
dry land, one having been diHi MVi red five miles distant fr<»rn 
waU-r. rile l*n ♦l4's?»or !4iin'»«*lf kept one of tliein out t»f I hi' 
water half a day, and on putting it K'm k into its natural cle- 
ment it sliow»*d as much life .t- if it had ni verlH*en removed. 
Moreover it is an agile li>h, w»»niiing its way up the inciim*^! 
planctifthe trunk of some i>M tree that ha/i fallen, ami twi.st* 
ing alMiut among the branches, until finally a ,Mngle sliot has 
limuglil ilown a liinl and a fish togiulier. Thus the fish and 
the bird, with their connecting link the n plile. at first sight 
so different in appearance, and so appan*ntly fik^jviiratiHl by a 
great gulf in stnicture as well as in haliib are found to gn>w 
neart^r to eaeli otln-r the bett«'r they an' utiderst<KHl. It is hy 
tracing |H»ints of mseinblaiico, of too ti*chnica]|y anatomical 
a chanicter bi be refernMl to in detail, that Pn»fcm»r Huxley 
expn'SKcft the decision of coniiKiralive antit4uuista when he 
sjM»ak8 of the class of binls m ‘an extremely nullified and 
alH'miiit n'plilc type ; * and if the general reader will for 
granted the coniu‘ction betawn it'piilos and hirtia, he will 
have no fliHiculty, from a slight knowledge of frogs in their 
Uulpolc and gill breathing state, in carrying the argument 
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further, and conne^^ling reptiles, through the amphihia, with 

ask”* 

265* M* *iH»l Mr C >tu*h **f thr \%»Uuifttry St*\in irt 

mwJe by Fish, — IVsuks this oxtniimliiiiiry |>o\vt‘r of 
motion on land hy ivrtuin sjK‘cu*s i.f tishi*s, thon* an‘ muio- 
which t'XcrciM* a rtval j-nrtr in a nuiuirkaMi* < *n 

this intt‘rv>ti!tg >uhj«ttt a French suvant, M. n* 

ccntly :tddi>s.''cd the Academy of Sciencfs at Paris, laying: 
thovu the h'll oviiig : — •* The iuum Ics * f certain 

ti-ho ha\c the |>“\va‘ *‘f vihrat‘*iy motion l»y «'oiitracth>n. 
Thi< ia'‘li''n is the tausc of the > ninds \vhi»*h thfM* !i<hcs 
ciait, Tlic noise whieh Ivnc. umhiin.e, ainl hipj»oiaini»i 
make arc vnlautary. fhe iuu*<cular vihratinijs which an' 
luanitr-tcd in the iw.. latur when voung^ an,! in a jM*rlcctly 
normal stale, ahuudaiitly ]»rov<» that tin* Yil»rali**iis ohsi rved 
in ih ■'ptM'ies when suh)eet<*d to vi\ ivS4‘(‘t loii are normal 
and phy,*'i“l. ‘.:ical, and not i»wim: to a secondary nerv<»us 
m tiou. The \ihration'. ui ihi* niusch'S arc strcnoihcncd hv 
being tran'^mitlcd to a pm iiinalie bladder, wliieh inerea.M s 
their intensity. Xe\«'nhel«>**s s<»nie of the acoustic j)he* 
noiiiena emien d hy hipi»»Mamj»i are tin? n-siilt of vihr.itious 
riot inteii'^itied hy that hlaildef ; so that hen* thenj is an 
instaiue* nf iiiuse\il,ir inotnai producing wanids in a Vf*rte 
hrate.l aiiimal wiiho\u the aid of any organic auxiliary. In 
tic* alM>ve specie>j Nah inah-s and females liav** tin* la<'ully f>f 
emitting sounds, and this faculty is nmsl liiglily tlevelopcd at 
the sjkawning season.’' 

Our own countryman, Mr f’ouch, in his interesting 
work (»n Itriti.-^h fishe.n, mentions several .specieft having the 
cafmeity of pHslucing vrj<*al .semndn. “In the case of the 
pi[>t;r {(ritjln lyra^" he ftay.s, “fw?venil of the ti.shes of thi?» 
genius an? kimwii to utter olrtteurc gnintiiig houiuIh wheti 
newly taken out of the water, and they rontiiim? them at 
interyals as long iw they live.” Ami H^ieaking of the com. 
men gurnard, ho mentions ita Hoeial hahiU, and tell.s ii.h 
that sometimee in the fine weatlier of Kunimer they will (ls- 
• * Tlie latellectual Obwrver. ‘ 
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in large numlierH, and mount t<i the Kurfaee 
nV4*r <le4»p Wiitrr, with no other ap[ian*iit ohj«*<a than tlie 
4*njoyiii«*nt of the anti when thii» aloft they move 

ah»ng at a hIow paee, rUing and Htnking in the water for 
>hort tli-taiicen, and uttering a 8ht>rt grunt aa if in ^elf- 
gnaitit-ation/* 

207. nf (Jrfatnres in th<r /iKO fn r/V’ ih*' 

LIfjht tuv! Ait\- If we cttiiternplatt* thf whole an ana tif tuganif 
natun* fniin the point t>f view hUgge>t*Ml by tht's^.* n',M?arc:h<-j4 
into the habits an«l sen.sc^s <»f hshe** in relation to land ani- 
mals, we p4*n-eive a great prim iple animating every meiiil*t r 
of the animal kingdom* from llie low*'?»i t»» the hight'st organ- 
i**!!!. that pnnnpts tht*m to rise to\vahl> the griMt pouree of 
light ami heat, in onler to jH*rfeet llu ir .-'Innlun* and im- 
pro\»- their fnm tioiis in the gloriou'* li*.:ht of tin* •^un. Thus 
tlie iiitu^orial exuvi;e <.f the ileep ^e,l.s, where not <fv**n a ny 
of light [Muietrates, an* tin* nmiains nf aiiimaleuhe living in 
illuminated watei^i, \\hit h in tiim* originate larger sjavies, 
.i»mniiig a erusta«*e(ms eovering, ami In-roming a >u)»inarine 
insert inhabiting the shallow waters ^n the sandy shon* — 
a tiny shrimp, the j»rototype of the l«»eu>t that llies* oV4‘r 
the .s;imls of tin* desert, revelling in the irojtieal sunlight. 
'Miun. also, nnoth4*r moiiatl 4»f the deep rising to the >ur- 
fare leajm on shon* like the Australian minnow, and in lime 
sueeeeding sj>4*eh*s find tlieir bn^a^l fins K*eome fiH't, their sid*- 
tins l»eeome wings, and their gills Ihciuiu' lungs, enabling 
tln*m to mount into the air, and warble fortli tlieir praLses 
at the gales uf Inraveu, rejoicing in their glori^uis transforinu- 
ti<in frun a lower existence in the sniile^s deep. Thus, oven 
in the vegetable kingdom, Ihon^ is an iidieri’Ut principle in 
|»Iants to rise fniin undei^^routid darkness into the ri'gious of 
light - from the ghnuny rave into the bright n*alina of daj* — 
from the shiuly fort'si high up al>ove Uie umbnigeous f<diage, 
'riius it is everywhere wo tiiui an instinct in the anhual 
crt*ation that pnmipts to nspimtions in i>erfecting organisms 
ami their functions ; oven as man aspires to soar Inn'oiul this 
sithlunary sphen*, when* his exi.Htenoo is finite, to the realms 

s 
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where lu* h»>{>os to bet»>me a ilweller utiihr tin* li^ht 
of the Intukite. 

268 . t\f Fi<h in ir/i/r/v htflictftt thr 

of ih^' — Fix»m tin* eoiio^inplatntii of these won 
ilers t»f the tnM'UMl seas we nturu to the iin»n- familiar 
inhahiunts i^f Kurv»j»e:in wat^ r^s ami t^iiserve m what niaiim r 
tln-v art* a?!Vetei.l hy the seasons. At the very thn*sln*M ef 
Mt;r itiquirv we an* met with the wen! itself as soeeially 
apoliot to the ti!in\ !nU\ wlin'h miuwters so ilelh iously to 
our :4pj>*'?il» fills ii'*h i'' ami that is t/> 

- >iLMufvini: that thtfe ate turn s ami seas»»iis for their 
spawning, ‘-r tin ir app' antm e or iliNi^ppearane.' fnnn «»ur wa 

ter-.. In th t '.r r»*’.p< ‘ ts tin* mier.tlion »*f ti‘^hes partakes ..t 

the >ame in>tim t a-- tiiat of hinls, There is ihi^ ililfereme, 
liowi Vei, witii r» .:ar‘l It* tlo* <lireetion in whuli that iiii;jra 
tioii t.ik'S plte^*, fr.'Hi tin' point of »lepartur<‘ in Knropi • 
hinis 4,f j!ii.:rat'TV tl\ to the *.onth alter im uhation. 

hut li-li of tin- nature H%vini towanls the north alter spawn 
int; ; while tiie ilniam^’i towlueJi li^li ini;jrate an* not nearl\ 
•»o ;fn.*at as tleo«- of hir4-. Maiiv erioueous views on thi'- 
Ineni, toniierly entertaim *!, have In en rorn eieil hy the reeent 
«ti>-*ervalii«ns ot in.lelatiLai*le iehlliyoln^hst For example, 
it w*is ;i.''>erte<l that the wilmoij in British waters nisheil 
away to tin- n-^rth poh* in their mi;.'ration. Not only is 
this totally without fmmiatio?,, hut it has Keen prove*! that 
the liahit-H of tin* salmon are very Joeal, lik«* those of all oth* r 
fishes, and it neva-r ^'**es away fn)m tin* estuary of its own 
jMirticular stream. Various eau.H4*s ani assi^ne*! for tin; n*;'n- 
larity in the niiuu*ati*in «»f s;iIinon from fresh w*ater to salt, 
an<l rire rers/if, ainonjr whieh it is said to Is* driven from tin* 
salt water in f:f>nse/|imiiee of heeomin^ iiife«t^;d W'ith venniti 
of fiome kind, whieh can ^uily Ik; kilhsl hy fn^ih water; ami 
fro«h-water lioe. on the other hand, impelling it again to seek 
the Vea. l\et this os it may, the salmon in brought forward 
as an example of the regular migration of fish at seoHoiis aa 
marked as the migration of swallows. The return of these 
Wutiful fish from a sojourn in the ociMin U> tlieir native 
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htrrain/^ in one* of th<? imtiinil wonderR in aniiii;it 4 L*d natim , 
illuhtnilivr f»f th<* t^rvat law t*», whirh iin[.i 4 *Ls th«* 

Inwait rlaAH <»f aniinalM to Kei*k hy fuaiie iiiyHteriouh iti^tiiv:! 
a Mip<-ru»r Hpln^n? of •♦xintfiiri*. From tli»? «lull d«?jiUi« of tli** 
nra tlu* HlifiiiU i>f Kilrnon ent« r their river -e^tnaiy ?ii» if re- 
Jniriir^ in tlii-ir nduni liome to it» Muiitiy waterK ; and in tlmir 
« «»urM* ilit-y iKiiiiid oviT ilo* roeky lM'<i of iJic* Htream. or up 
ih«* mpitls like hinla inf»n* than IikIi. tln-ir Hilvi-r-hriL'ht 
^'lilterin^i; in tin* Hun^ihine inon* hniliafitly than tlie pluiiiaf:** 
««f tile feathiTeil rn‘ati»ni. It in at Kinh liiiieii that man 
rejoire.s ill tlie iMiiiiitv of natur»\ wln ii In' may nap, without 
the rare and trouhle of Niwiie^ or planlino, the 1110.^1 delirious 
sUHt 4 *nanee from the harvest of the sea," whieh, in 
•lays of praeik-al knowh*tlo<.^ is ln-eomiii^' as inien*stinj: as the 
InirNe'-t 'd the land. 

•Jfilf Shtfih i,J H* rrlntj **n tht^ nf S^^rkrutj irrf'jHlur 

iu (hrir MiynttinfK — The mi;.rmti«*n of fishes that nmtiiunilly 
inliahil tin* de«'p se;is, aithou;,:h n’^MiIar an to the sc-axai of 
tlie year, is not so delinetl as to its an»a in-ar the land, and, 
fn»m unknown eauM-s, is soinetinns irreiiular in apjKarance 
an«l iniiidHTs. (M* this el;t-%s tin* common herriiif^ is an 
example, and the history of the fisheries on the eo;ist of 
Norwiiy furnishes some inten^stiiit: fuels mi tliat head. ‘•Al- 
thouf^h the fishings on this long of e<mst have 

ahundant during the j»reseiit century, the fish have 
eaprieiou.s in their apjH*aranee at dilfen*nt }K>ints along the 
<«‘ast, aj»|M‘ariiig in some years in largi* slunil.s at <»iio sj^ot, 
and t<itally ahaiidoning others which ff>r years had Ikhui 
n*gularly visited. Kxjdanation.s have not Ihhui xvanting as 
to the eaprieiousiiess <if their luigniticois, only one of which 
I will mention, m ap)Kniring to me less imaginative than the 
others- and that is, the ladtef that the herring alums placixs 
where the year pit^viously largi' fishings have taken place^ 
Is'eanm*. large <pumtitii^ of dcuid fish fall to the IxittoiSl and 
infect the. water. Instances are given where, in gixnit shoals, 
nnuis<*H of dead herring have sunk the liottoin, and when' 
for many years aflenvurds no slumls have reappenn^d. One 
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place in particular near Galton, south-west of is 

pointed out, where one year between 20,000 and 30,000 
herrings died fi-oni want of room for the shoal, and at >>Jiich 
spot no tisli has since been seen. The real cause, however, 
has yet to be discovered, and more probably will be found 
to Ix' ill close connection with submarine agencies, with the 
abundance or scarcity of food, and with the storms ami cur 
rents afl’ecting the octnin.*' * Nevertheless, when the herring 
does appear after its luignition from the coast it is i>retty 
regular, esjiecially in the tirst season of the year, whicli lasts 
from January to Afarch. 

270 . the /#/ At'tlvitu amtmfj ihr Inloihi- 

tnnts nf //o’ — Although the abiimlaiice of animal life 

inhabiting the deep seas of Kurope in winter and .spring is 
.something inarvellMiis, yet summer is tin; si*asou of aetivity 
aimmg tin; tishes and zoophytes fouiitl in shallow waters. As 
the temperature of the sea beeomes warmer, anti the sun 
illumines tlie suba<jueous .shore, myriads 4»f creatures ap- 
pnxich the surface to gambol ami revt*l in tin* fac’e r*f ilay. 
Unlike the animals ainl birds 4»u land, that })ant ami serk 
for .dielter in the. heat nf the noontific; sun, the o<‘ean tribes 
hold high festival in tln*ir watery eleiinmt. AVhen* tin* 
shores are tlie niost destitute of animal or vegetabh* life tin* 
seas are often the most jiroliln*. ‘‘ When, in the s«*ason of 
drought, the land is j>arclie<l to the totiil susjMUision of all 
vegetable action, ami every animal upon it i.s faint ami lan- 
guishing, the sea is in the full vigour of growth ami lifi*. 
jKven in those ]);irts of the world where the lanil is penuinially 
and utterly harivn, or in surh a sUite as to )>e tfuite unu^ 
vailable for cultivation, and aitogefherand hopelessly iriiprar- 
tic^ible SM the habitation of ejvili'-ed man, tlm Hb;rilily of the 
land in nowise invades or alh'cts the w*a. Take any hn alilv 
that you plejise — the Atlantic on the eiwist of Sahara, or 
the Indian fkean on tin? barren cotwia of Australia- > aid 
the sea U aa fertile aa if the land which it waaln^a wa n* tin* 
ganlen of the glol)e. The north-weat nhonrs of Auntralia an- 
• ftefiort of t!i« Britinh CoijjiuI on ib« fijihcrio* of Norway. 
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l».'irr(‘n an<l irrcclaiinaWii ; but not so the adjoining waters, 
for they are redolent of growth and life. The l^jttoni, where 
it can he seen, — and it is seen to a far greater <leptli than in 
our seas, because the almost perpendicular beams of the sun 
are not so reflected and refracted, but penetrate far into the 
dt‘j)tli8— the bottom, in the nuinlj<*r and luxuriance of its 
pmductions, and tlie variety and richness of tlieir colours, 
emulates a ganleii of the richest plantation and the highest 
culture.” * 

271. Thr Ttnn^oratnre nf the Sea (lecrea^es in Depth 
from the Surface, — Wliile the shallow waters of tlie .«ea are 
thus alleetiid at certain seasons by the influence of the sun, 
the oe(‘an depths are couipamtively beyond the direct rays of 
light and heat. It is calculatc‘d that even the tropical seas 
that maintain the maxima of ocean temperatun* at the sur- 
fare, may jM»sse.ss an andie coldne^ss at their pndouml depths, 
theivljy in a nuNisure r(>rresponding, only in an inverse ratio, 
with the deoreas(‘ of temperature in elevatetl n^gioii.s in the 
air. (hi this point Ilumljohlt Inus the following remarks: — 

Proceeding upwards and d4»wnwards fnun the common 
limit of tin* aerial and licpiid oceans, we find that the strata 
of air and water are subject to determinate laws of deerciisc 
of temperature. This deciv;use is much less rapid in the air 
than in the sea, wliich lias a tendency under all latitudes to 
maintain its t<*mi»erature in the stmta of water most contigu- 
ous ti) the alinosjihcre, (»wing to the sinking of the heavier 
and niiuv ec»oleil particles. A large series of the most care- 
fully conducted <d>siT vat ions on temperature shows us that, 
in the ohlinarv and mean condition i»f its surface, the ocean, 
fr«»m the e«[uator to the forty eighth degree of north and south 
latitude, is SiUii«*\vhai wariiUT than the adjacent strata of air. 
t hving to this tlecnatw* of teiii|H*mt\m' at iucmising depths, 
tithes and otlier inhabitants of the sea, the nature of whose 
dige.Htive ami ivspimttwv organs fits them for living lAdeep 
water, may even, under the tn>pics, find the low degree of 
tempeniture and tlie coolness of climate characteristic of more 
• * Summer.* \»y Muiiie. 
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tomperate and more northern latitudes. This cireunwtanro, 
which is analogous to the prevalence of a mild and even eoM 
air on tlie elevated plains of the torrid zone, exerciae.s a special 
influence on the migration and geooraphitMil diatrihution of 
many marine animals.” Ami in* dotdd it nfreft.s the marine 
voget;dion in a corn'sponditig manner, though le.s.s striking 
than tlie flora of the atiuu'phoiv in it< zones of altitude. 



CHAPTER XU I. 

VKUKPATION AN'1» CUBKKXT.S OF TIIK SF.A. 

(M-m ral asjK*rt anti pxtont of suhaqiit-ons § 272. — OrcMt to 

wliirli .soiiu* .‘»j»orios of Npa-plauUs jrrow, 27^5. ext^-nl of suliiiiarin*^ 

in tlio Houtliprn Si*a*4, 274.— (Jcojraplii«’al ran;.'e of al;;:** acTonlin;^ 
to leiiipiMiitun*, 277». Area of tlie Sanias>o St*:i in ilit* Atlanlio (a»vpre«l 
with jrnlf wi'tMl, 27<>. Ap]*paraiic« of tlu* Surja''^o Sea while s^tilin;' 
throii^}i the wee<l. 277. — Tli<*«*rie.H :ts to the oriu'in of so timit a nuLss of 
v«*;.r<‘lation, 27S. Kviilein’e of the Sar;:a«M» plant pn»pai:atin‘.' on tlu* 
.snrfan* of llu* «*a, 27’.h • IIy«lroi;niphieal extent ainl inaje<ln* tlow ^f the 
(Julf Stivani, 2S0. - Phettoinena of the iJiilf Stream aceonlinjr to Maury, 
2Sl. — (tenial elfeeU (»f the tSvilf Stream on the eliir.ate*^ of Kurope. 2'^2. — 
nireelionof < urrents aseertaine»l hy lloatin^ luHtle'i, 2^*l.— Hemispherieal 
division of soutli and north eurreiits in the ^ea. 2S4. Hypotlie.sis of the 
universal eoininiip^liii;; of sea-water «li.spuled, 2>*'o. — Orijrin td’j^reat fvean- 
rurrents !iot satislaetorily explained, 2vSi). — i'urreiit.'i of rotation diverted 
from their i«rimary course hy the upheaval of the land, 2S7. — In the 
l*iimeval sea all (Mirvents eontinuous, as in dupitev, 2SS.--Kiiuatorial ex- 
cess of a<pieons diameter overlooke«l hy hydro^'niphers, 2SP.— Convexity 
of the (iiilf Stream an exami»Ie of the ef|uaiorial eurrt»ut. 2JK). — Binary 
division of the sea and its current.s by the e«|uatorial ciimmt, 2iU. — 
Hlaek stream of .Japan analojrou.s to tlie (Julf Stream, 292. — Physical 
]>ln>nomena of the two streams compared, 2t^d.- Tlu; Humholdt current 
in the South Paeilic Ocean, 2tJ4. -t^immts of the sea temper the cold and 
cool the hot regions on land, 2S>5. - Scoivhwl and barren aspect of the 
shores of the Keil Sea, 2tJ(i. — Abundance of vegetation and animal life in 
the Red Sea, 297. --Animal life in the Ri*d Sea typical of the world’s for- 
mation, 21)8. -CVmcluding remarks on the hy]H)thesis that the laud was 
first deposited hy organic life in the sea, 21)9. 

272. General Axitect and Extent of SulmtjHeowtiVerfetedion , — 
Of tlie vegetfttion that flt»urislioa iu tho liquid luodium of tho 
soa, the numbers of genera an<l species are few compared with 
their congeners in the gaseous medium of the air ; neverlhe- 
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less they present, as far as we e^in penetrate to their habitats, 
equally luxuriant aspects with the gix>ves aiul fon^sts on shore. 
Dr Greville — probably the most learned botanist on marine 
plants — thus epitomises the knowledge derived from many 
sources (»ii this interesting study : — “ We lind the veget4ition 
of the ocean no less conspicuous for beauty and variety of 
form than splendour of colour, admirably fitted for the i)la(*e 
it is designed to occupy, and of direct utility to mankind. 
Viewing these tribes in the most careless way, as a system of 
subaipieous vegetation, or even in a mere picturesque light, 
we see the depths (>f ocean shadowoil with submarine greaves, 
often of vast extent, intermixed with meadows, as it were, of 
the m<ist lively hues ; while trunks of the larg»*r sp(‘eies, like 
the giant trees c»f the tropics, are loaded with iniiiiineiable 
minute kinds as line* iis silk, and «lelicat4? as th<‘ most trans 
parent membrane, Xor must we forget that while thousands 
and tens of th<»usands of quailriipeds, birds, and insects, de- 
pend ujion the vegetation immediately surrounding us for 
their very existence, a countless host of cri‘atur(*s derive pn*- 
tection and iiouri.diment from the plants of the deep, appro- 
j>riated to their iisit liy tliat merciful Power in whom they 
live, move, and have their being, wlnise goodness is over all 
His work.s. S<»iue of the alg«e, placed, on a<’coiint of the 
simj)licity of their structui'e, at the bottom of tin* scale, are 
so small as to be invisible to tlie naked ey^s exciq)t by the 
a])])earance they give to other species on which tln‘y ha])i)en 
to be parasitic in ]»rodigious iiuml>crH. Ynmi these micrc»- 
scopic forms algsc are found of all sizes on our sliores, up to 
thirty or forty feet in length, an extent to which a common 
s(fa-weed {chorda filium) not unfrequently attains.” 

273. Great Lmrjth to which some Species nf Sea- Plant fi 
Grow . — From the dense medium in wliich marine plants 
grow, they are enabled to support their long fronds upon 
slender steins ; and this buoyancy is supplemented in sonn* 
species by air-vesicles being formed in the fronds themselves. 
Navigators inform us that their ships have sailed over beds of 
sea-weed which they estimated by sounding at from 500 to 
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1 500 JN*rliap.s some of tlie niea«urement8 of greatest 
have been iiu*(»rrect where the sounding-line Inis lx*en carried 
away at an angle by some current. In our own voyages 
we hav<‘ seen sea-weed on the surface of tlie w'ater at c6n- 
siderahle depths, such as at the eiitnince te the spacious liar- 
hour of Port JMiillijj in Austnilia, wliore the soundings are 
from 15 to 20 fathoms. The most remarkable thing is, that 
this seji-plant grows in the (diannel where an impetuous tide 
eblis and Hows, calculated, under onlinary circumstances, to 
ujuoot the largest tn‘es, yet they Ixnd to the current without 
breaking their stems, while the long fronds flourish amidst 
the agitated surf. Taking into consideration the angle at 
wliieh some of the*se plants must bend, there are data for 
coin luding that some of them cannot be less than 200 feet 
from tln‘ hast' of the r(»ot to the extremity of the frond. 

274. Vayf Kjcit^nt of Suhmnrhie Forvi<ts in fho South* rn 
Srft/i. — Darwin, in his •Voyage Pound the Wt>rld,* mentions 
a curious fact reganling a gigantic sea-weed on the slews 
<»f S(»uth Aim*rica, near Magellan Strait. “ This plant,” he 
says, “grows on every ro<k from low-wat<*r to a gn^at depth, 
b<»th on the outer coast and within the channel. I believe, 
during the voyages of the Adventure and the Ik^agle, not one 
ri»ck near the surface was discovered which was not buoved by 

V % 

this iloatin^ nnid. Tliu si‘rvice it thus affords to vessels 
imvij'uting near this stormy land is evident, and it certainly 
has saved many a one from lR‘ing wivekeil. I know few 
things more surprising than to s(>o this jdnnt growing and 
flourishing nmi«lst those great breakers of the western ocean, 
which no mass of rock, let it be ever so Inml, can long resist. 
The stem is round, shining, and smooth, and seldom has a 
diameter of so much os an inch. A few taken together are 
sufficiently strong to sujiport the weight of the largo loose 
stones to which, in the inland channels, they grow attached ; 
and some of these stones are so heavy that, when dra^^ to 
the surface, they can scarcely lie lifted into a boat by one 
person.” This sca-plant is the fttem gigmteus discovered by 
('aptaiii Cook, who estimated the length of some plants at 
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not less than 360 feet, although this must be taken as only 
ail approximate nieasureineiit. The extent of tliese brOs of 
sea-weoil has been fiuiiul as marvellous as their height ami 
habitat. It is ftuiml fi\)m the extivine .southern islets m^ar 
Cape Ibuii as far north on the eastern et^ast as lat. 43^ ami 
on the western it was tolerably abundant, but far from luxu- 
riant at Chiloe in lat. 4:2^ thus having a range of lifttvn de- 
grees 4»f latitude.^’ IJhind, in hi.s work on the ‘Vegetable 
Kingdom/ n*marks as follow.s eoneerning the wonderful 
nuinber of living ereatun^s <»f all onlers whose exist^mee 
depends on tht\se gigantic beds of sea-weed : — “ I can only 
<‘ompaiv tliese great ajpiatie for«*sts of the southern Inuiii- 
sphere with the terrestrial ones within the inter! ropieal re- 
gions, Yet if the latter shouhl be ilest roved in any country, 
I di» not believe nearly so many species of animals wouhl 
perish as, under similar circuiustanct's, would happen with the 
kelp. Indepemhuit of the numermis zot)phytes, amidst tln‘ 
leaves of thi> plant many species of lish live which nowhen* 
else could find food 4)r slndter. AVith tlnuY ihstruction the 
many cormorants, divers, uiul other fishing-birds, the ottei's, 
seals, and {^or])ois(\s, wonM sf»on perish als<»; ami, la.stly, the, 
Fuegiaii savage, tlie miserable* lord of this niiserahle laml. 
Would rcMhmhle liis cannibal lea.st, decrease in numbers, ami 
jMU'haiKS ce,a.se to exi.^t.” 

270. (r^nyraphicftl Ihnnf*^ acrurdhifj to Tvmpvra- 

turf, — IIow the s4*isons of the sc^a alfeet the fruetifieation of 
marine plants there an; liut limited data to d(;terniine.. bot- 
anists ela.s.s them nmler the heml of crtjptofjdmht^ wlicre no 
flower proper is visible. Hence tlien; are no seasons of bud- 
ding, flowering, and see<l-time ; so that they exhibit no di.s- 
tinctive chamcter in that re.spect, as se<;n in phaneroymnouH 
or flowering plants. That they have analogous j>eriotl8 <jf de- 
cay and luxuriance with their aerial congcjiiei’s in temperate 
regions is beyond doubt, as they “ are fouml upon the British 
coasts in greatest abundance during the summer months, and 
in unusual luxuriance during hot seasons. It is probable, 
also, that sea-plants may be acted on hy the temperature of 
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the wator at graiter or loss depths ; and that those spcKries 
wliioli grow at the I'ottom of the ocean may have some re- 
srmhlance to those of the polar einde. On the shores of the 
Hritish Islands it is easy t<i perceive tliat cerhiin species Ixi- 
coine more plentiful and luxuriant as we travel froni north to 
south; and, on tluj other hand, that several others occur mure 
frequently, and in a liner state, as we apj>roach tlie nortli ; 
wliile others, again, jjossess too extendetl a range to be iiiHu- 
enced l»y any change of temperature l>etween tlie northern 
boundary <»f Scotland and the south-western j)uint of Kng- 
laiid. The res(?arches ami observations of J^aimiuroux have 
demonstral(‘d siitisfaetorily that the great groups of nhjtrt do 
afhet particular temperatur(‘s or zones of latitiule, though 
some giuiem may be termed cosmopolite.’*^ 

-Tti. A rut af ill iif f( in thr AiifUiiic nn'prrd icilh 
“ (rV///- HVcf/.” — (.'ould \ve but observe as closcdy tlie fnicti- 
lication, growtli, and decay of the plants coiiijM»sing these 
f irests (d‘ the ocpnu as we can tla‘ trees and shrubs of our 
woods, no doubt the <^bserving b«)tanist could discern anal- 
ogous changes in their structure at certain seiisons. At the 
same time, from Ihe greater eipiabiliiy of t»eean teiiiperature 
throughout tin? year and through wider ranges of latitude, 
the sc*asons in the sea cannot alfeet suluiiarine vegetation, 
even in the lowt‘st degri*e of cliangt*, as manifested by plants 
growing in tho air of an evergreen or pemnuial character. 
Morc*over, in the classilication of plants botanists place the 
t/A//c below the fern tribe and next to the lichens, which, 
popularly speaking, can scarcely rank as legitimate flowers. 
In the absence of Ijottor information reganling the Viist iields 
of submarine vegetation hitl Inuii our sight, we may gather 
some idea of their extent frtun the fields of flvuiiing sea-weetl 
cov(U‘ing large areas of tho ocean’s suiTa(*e. The most exten- 
sive tract of this kind is in the Atlantic Ocean, wdiere a 
species of a/r/tfj flourishes commonly called gul f- weed, ^ from 
the supposition that it is collectetl by the Gulf Stream, and 
named mrgassum baceijemm by Ix^taiiists, from mrtjafOj the 
♦ Uliind'a ^Vegetable Kingdom.^ 
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Spanish for the lontil, which the seeds or airvesicl«‘s of llu* 
plant resemble. Hence this region of the Atlantic is ilesig- 
nated the Surijasso Si'u by hydrographers, who consider it an 
eddy, situated in point of latitude between the regular eipii- 
noctial current on the south setting to the M'estwanl, the 
south-ea.sterly current from the northern sea on the ea.st, ami 
as the recipient of the (iulf Stream from the north and north- 
west. The tract which is occupied is more than twelve hun- 
dred miles in length, varying from lifty to one lmmlre<l ami 
iifty miles in width, and having a superlicies, acconling to 
HumKildt, the greater part of which is covered with sea- 
weed, equal to more* than 200,000 S(piarc miles. Major Ken- 
nel observes that the bi-eadth of this mass of rveed is small 
in proportion to its length, being dmwn out into a kind of 
stream, and bemling a little to the east of south. l)r Frank- 
lin crossed it in lat. 3G\ ami found it less than lifty miles 
wide ; but it spreads to the southward, ami, in lat. 20' N., 
a[tpears to be a humlred and fifty miles wide. 

277. nf thn tSftnjiu^o S<‘n tchih' nnUhnj 

fhrontjh thn W>‘<'L — Though this remarkable, cf)lh'ction of 
sea-wee.rl is .situated at a comparatively short distance from 
the shores of Furojie and Ameriea, yet it i.s seldom crossed 
by mariners, and hence its actual boumlarie,8 are not very 
clearly defined, w’hile the nature «»f the, 8e.a-weed, ami the 
marine cifatures living on it, are but little known. A'avi- 
gatfiis avoid its confine.s in con.sequence of the weed imped- 
ing the progres.s of their ships, and in the case of strtamers, 
its c^tllection round the screw.s and paddle-Avheels seriously 
endangering the rnaehinery. It so hai)pened in our many 
long voyages, tliat on rounding Cape Horn and .sailing fr»»m the 
•South to the North Atlantic, the captain of our ship encoun- 
tered head-winds as he neared the Sargasso Sea, which com- 
pelled him to Treat through it for a distance of seven humlred 
milesJ'^Trefore Tie got into the usual homeward-Tround track. 
Taking advantage of this opportunity to observe the phe- 
nomena of this curious sea-weed, so widely spread upon tlie 
surface of the ocean, we collected a quantity of it and the 
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smaller ereaturas feeding thereon, for examination and pre 
servutiuii. Few of the specimens were more than two feet 
l<mg, with slender stalks in proportion, covered more or less 
with the herry-like vesicles, which enahle<l the whole plant 
to flout im the surface so as to la; quite visible to the eye 
at some distance. When the weather wiis calm, with little 
agitation on the water, the sea ai)peared, in some places 
■wheie it w’as unusually dens<‘, like an inundated mellow. 
Then, when a smart breeze sprang up, ami the waves brjke 
in long ridges, the wx-ed collected in rows at distant intervals, 
having the ap])cariince of hedges j[)artly submeiged. If these 
lay across the ship’s course, they very materially impede<l 
its ju-ogifss; and however much we were pleased to see this 
famous Saigass<j Sc-a, our captain n*joiced when he .saileil out 
of its latituiles. In looking on this ma.ss of sea-weed in the 
mid-ocean, w'e could scaively divest ourselves vf the idea that 
wx- were close t«) the shore though more than a thousand 
miles from the mainland; while we could easily imagine how 
the sailors in Columbus’s llmt voyage of discovery hailed its 
uppeanince as the indi(.’alion of laiul, and, as reported, some 
leapt overboanl expecting t<j touch the rocks on which it 
grew’. 

T/ieai’it’ft as to the Orajin of so ijreat a mass of 
Vetjetation . — Various theories have been promulgatoil sw to 
tluj origin of tliis vast “ sea- weed meailow.” As its common 
name of gulf-weisd denotes, it was suppo.sed by mariners to 
grow in the (lulf **f Mexico, fnnu whence it is carried by the 
(.fulf Stream round C'apo Florida, and, proceeding l)etwet*n 
Itermudas anil the Western Islands, settles in the eddy of 
that vast current which encircles the Atlantic. This hypo- 
thesis has not found favour in tho eyes of hydrographers, as 
no uniform current has Iwen discovertxl capable of carrying 
tho mHlulos in the direction specified, and to Uioso parts of 
tho ocean where the wxhhI is most abundant. Uuiajmldt 
was of u])inion that it grows on a sandbank raiseil almve the 
bottom of the sen in form similar to tho surface, elongateil in 
shni>e, and of the area the w’ced occupies. In supjwrt of its 
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growing at the of the oct^an where it is now found on 

the surface, Mr Luocock remarks : — ** It is more tluin rwison* 
able to suppose, that the plants gn»w nearly on th ‘ 8jK>t over 
which they flemt : that those which iipiK?ar on the surface of 
the water an? only the h«*ads or minor hniiielies of others 
W'hich flourish Ivueath : that they art' lu\>ken i?tV by tin* 
agitation of the ocean, or Si*ine ot!n*r ucridrntal circumstance; 
\H‘rkips by the buoyancy i>f the air- vesicles themsiOves, 
\v\ucb at a gn*at dept\i must be fully sutVuient for tin* pur- 
pose?, as ii enables them to flmit lijjiUlly even on the surfact» 
of the water." What reinlgis this theory m*»st plausible is 
the fact, that of the thousands of sjn^eimens examined n(»t 
one lias the vesti;^e of u r^ot or iVuctitication as seen in sea* 
wieds fixed to rocks. Ihit ln‘re eminent botanists liave eonie 
forward to slmw that some .sea weeds jiropa^ate without what 
are called roots. TIu m* J>r tireville eonsidei’s to be, merely 
holdfasts and md tin* organs of ahsorjition as 

in ortlinary plants. Sea-we»Mls ahsi>rh through their whole 
substance, and the u.se of their roots is to allow tln*m to grow 
in favoimihle circum.^tance.s for taking up nourisliinent. Willi 
this and other data connectiMl witli frnctiti<*Htion, it is now 
c«>nsi<Ien*d tliat tlie Sarga.sso sea-w(.MMl may originally have 
possessed a discoid root, and that, tin* plant hecroiiiing modi- 
fied in its nature uinh*r the peculiar eireunistances in which 
it is placed, it pn^jiagates by latenil slioots when floating in 
the sea. Hiis vu*w of the question wienis to us the most 
probable, as the sjiecimens we examined were most of tli(*m 
bright green at the top as if fresh plucked, while the lower 
portions were brown and in a stat(3 of dcicay. It would 
therefore appear fis a more likely theory tliat, as the older 
parts of the plant decay, they are broken off by the agitation 
of the waves, and the air- vesicles bursting, these may sink 
into the depths of the oce«an, leaving the lloating plants al- 
ways*, fresh and* green. In that case it is just possible that 
soundings made in the Sargasso Sea, fishing up specimens of 
its iKid, would show evidence of its vegetable and animal 
remains, that have been deposited through countless genera- 
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tions since the remote period when this immense area of the 
North Atlantic was as clear of sea-weed as other parts are 
found to Ije. 

279. Evidenee of the Sargamj Plant propagaiiny on the 
Surface of the Sea. — Another argument in favour of the 
•SiiigiisHo 8<‘a-weud not being merely broken branches from 
ibc j)aix>nt stems growing at the bottom of the Atlantic, 
where it is proliubly from two to four miles deep, is the 
nature of the marine animals found ujMtn it. This point, as 
lar as we are aware, lia.s l)een overlooked l»y pn^vimw ob.sei^'- 
ers, who would lead u.s to su|}jK)se that this vast occan- 
pmirie — greater than any pmirie on the American continent, 
— was destitute of animal life. Un the contrary, tlmre are 
data for «dneluding that the surface of the Sarga.sso Sea 
swarms with living co-atures of every variety f<umd in the 
oeean, from the miei’os<'opic zoophyte to the perfect ti.sh, and 
all the.se are more or les.s depemlent on the weed for sub- 
sisteiK'e. As far as <iur observations go. then* was scarcely a 
biu'ket of water taken up, while di])]>ing for sj>ecimeu.s of the 
weetl, but (!ontained .some liny pipe-ti.sh, shrimp, or .shell ; 
and doubtle.s.s more might have Iwen c<tlleeteil, and of larger 
dimensions, had we jios.<e.s.sed Iwtter gear for the purpose 
than simply plunging a .ship’s bucket over the 1h>w.s. ;Now 
these marine creaturcjs were all (tf a character tliat live near 
the suiface of the sea, or, Jis in the cast* of the shrimp, on the 
.shallow waters of a .siuidy shore, and they couhl not have 
subsisteil at the proftmml depths of the Atlantic. Hence 
there is every rca-son to conclude that the gulf-weetl is neither 
produced on the rocky bottom of the Mexican Uulf, iM>r on 
a bank in the mid-ocean, but simj»ly by latend jiropagation 
on the surface where it is found — the boundaries of its 
distribution being dclinecl by (»cean-current8, within which 
the Saigirsso Sen is a vast eddy in the basin of the North 
Atlantic ( )cean. \ 

280. l/gdrographical Ejtlent and Majeetg of the Oulf 
Stream . — Among the influences of the. sea upon the seasoits, 
not merely IksIow but above its surface, none are of mote 
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lux^OTtaiwe than tho j^reat occ«in.oum‘uts, which have hccii 
apvropmtcly de^^ipiatetl t\io rivers of the 8ea**-~tlie j;t»'atest 
and most Nvoudcrful of Avhich U the t lulf Siivaiu just ridVrred 
to. Of this pheiiomeium of the sea, ( uptuin M;uirv thus 
writes : — *' Thei-e is a river in the ocean, lu the sevtuesl 
diouphts it never fails, and in the mightiest lhH)ds it ni‘Ver 
overHows, Its hanks and its hottiuns are of cold water, 
while it.s cumuit is of warm. The Oulf Mexii*t» is its 
fountain, and its mouth is in tho arctic seas. Tt is the 
(Uilf Stream. There is in the world m> other su<*h majestic 
flow of watei*s. Its current is more raj)id than the Mississippi 
or the Amazon, and its volume in«*re than a tliousand times 
greater. Its waters, as far out from the gulf as the ('arolina 
coasts, an* of an indigo hhie. Tlu‘y are si> distinctly marked 
that their line of j\uicti«*u witli the cnmmon sea-water may 
he traced hy tin* eye. (Hhm <»ne half of the vessel may he 
perceived floating in Gulf- Stream water, while tlie other 
half is in coninmn water of the sea j so sharp is the line, and 
such the want of affinity Indweiui tlios(* waters, ami su<*h, 
too. the reluetance, so to speak, on tlie jKirt of tluNse of the 
( Julf Stream to mingle with the eommon water of the sea.’* 
2H1. P}it*nn)npnn nf thft (in^f Hirvinn w*t*urdinij to d/// //>*//. 
— It is not pn.'cisely tlie provinc(5 of this part of our siiliject 
to enter into details concerning any i)articular current of the 
sea, yet we may he excused giving another (piotatiou from 
Miiurv's hook, ilesciihing the extraordimiry plienom(*na of the 
(Julf Stream. ‘’As to tlie temperature of tho Gulf Stream, 
there is in a winter’s day, off llatteras, and even as high up as 
the Grand Banks of Newfrmndland in mid-oc(‘an, a difference 
between its w'aters and those of the ocean nearly of 20*^ and 
even 30^ Water, we know, expands hy lieat, and here tlio 
difference of temperature lufiy more than compensate for the 
difference of 8altne.ss, and leave, therefore, the watei*s of the 
Gulf Stream lighter hy reason of their warmth. If tliey he 
lighter, they should tlierefore occupy a higher level than those 
through which they flow. As-suming the depth off llatteras to 
be one hundred and fourteen fathoms, and allowing tlie usual 
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rates of expansion for sea-water, figures show that the middle 
or axis of the (Julf Stream there should be nearly two feet 
higher tlian the contiguous waters of the Atlantic. Hence 
the surface of tlie strciim should present a double incline<l 
plane, from wliich the water "would be running dowm on 
either side its from the roof of a liouse. As this runs otf at 
tlie toj), the same weight of colder water runs in at the bot- 
tom, and so raises up the cold-water bed of the Gulf Stream, 
and causes it to become shallower and shallower as it goes 
nortli. That the (Julf Stream is therefore roof-shaped, caus- 
ing the waters oil its surface to flow off to cither side from 
the mhhlle, we have not only circumstantial evidence to 
show, hut o1»st*rvations to prove. Navigators, while drifting 
along "with the Gulf Stream, have lo\vered a boat to try the 
surface current. In such cases the lK)at would drift either to 
the. east »)r to tlie west, as it happened to be on one side or 
otluT of the axis of the stream, wdiile tlio vessel itself w'ould 
tlrift along witli the stream in the direction of its course, 
thus showing the existence of a shallow n>of-current from 
the middle tiiwanls eitlier edge, which would carry the lx)at 
along, hut which, being superficial, iloes not extend deep 
enough to affect the drift of the vessel. 

(/rnitU Effect^ of the Gulf Stream on the Climate of 
Europe , — This extraonlinary current exercises great influence 
on the climate and seasi^ns in Europe, especially among the 
Ihitisli Isles aiul during winter. “ The maximum temper- 
ature of the Gulf Stream is 86^^, or about 9® above the ocean 
temperature due to the latitude. Increasing its latitude 10^ 
it loses but of temjierature, and after having run tliree 
thousand miles to the north, it still presor\'C8, even in winter, 
tlio heat of summer. AVith this temperature it crosses the 
4()th degree of north latitude, and there overflowing its liquid 
hanks, it spreads itself out for thousands of square levies 
over the coM waters around, and covers the ocean with a 
mantle of warmth that serves so much to mitigate in Europe 
the rigours of winter. Moving now more slowly, but dis- 
pensing its gonial influences more freely, it finally meets the 

T 
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British Islands. By these it is divided — one )>art hito 

the polar basin of Sjiitzbei^en, the other entering the Biiy 
of Biscay, but each with a w'anuth considerably alxivt* the 
ocean temperature. Such an immense volume of heated wa- 
ter cannot fail to carry with it beyond the seas a mibl and 
moist atmosphere. . . . Every we.«st wind that blows cro8s»*s 
the stream on its way to Europe, and carries with it a por- 
tion of this heat to temper there the northern winds of 
winter. It is the influence of thi.s stream upon climate that 
makes Erin the ‘ Emerald Isle of the. sea,’ and that clothes 
the shores of Albion in evei^it'cn robes ; while in the same 
latitude, on thi.s side (America), tlie coa.sts of ]..abrador are 
fast bound in fetters of ice.” 

283. Dircctinn of Currenfti mevrtaim'd hy floniimj Hoffh-s. 
— From the influence of the (luli'-Stream current u])on tlie 
climate of Europe and navigation of the Atlantic, it.s course 
and phenomena have been more tlioroughly «letermined than 
those of any other ocean -current. But it may l>e said with 
truth that the greater part of the sea is nnm? or h'ss subjeil 
to currents that render its .surface a serie.s of oiteanic rivers, 
continually keejiing its waters in circulation. On this point 
Captain Maury goes so far as to say tliat they an; so mingled 
with each other “that sea-wat<;r fnun one j>art of the world 
is, in the ])rocess of time, brought into contact and mixed up 
with sea-water from all other parts of the wmld.” ‘Without 
disputing the premises, wo would point out that, acconling to 
the current-chart of the earth by that eminent hydrogmpber, 
there apjiear to be two great .systems of cunents, one in the 
south, the other in the north hemisphere, divided by the 
great equatorial current, i-acli system indepeiuleiit of the 
other. From this it is j)robablc that the waters of the two 
hemispheres do not commingle, eardi system of warm and e(d<l 
currents cireulating between its equatorial and polar limits. 
For example : “ It is a custom often jtractised by seafaring 
people to thrriw a Irnttle ovcrlroanl with a paper, stating the 
time and place at which it is done. In the absence of other 
information as to currents, that afforded by these mute little 
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navigntora is (\{ value. They leave no tracks behind them, it 
is true, and their routes cannot Ite asccrtaine<l. But knowing 
wlicre they were oist, and seeing where they are found, some 
idea may be formed as to their course. Straight lines may at 
least he drawn showing the shortest distance frr>m the lx*gin- 
ning to the end of their voyage, with the time elapsed. Ad- 
miral IJecchtiy, has prepared a chart representing, in 

this way, the tracks of more tlian one hundtt^ bottles. From 
it, it app(‘ars that the waters from every quarter of the Atlan- 
tic t(jn<l towartls the Gulf of Mexico and its stream. Bottles 
cast into the sea midway Itetween the (Jld and the New 
AVorlds — near the coswts of Europe, Africa, and America, at 
till* cxfrtuue north or farthest south — have lieen found either 
in the Wcist Indies, on the British Isles, or within the well- 
known range of (rulf- Stream waters. Of two cast out to- 
gether in south latitude on the coast of Africa, one w’as found 
on the island of Trinid.ad, the other on Guernsey in the 
English (,'hannel. In the absence of positive information on 
the subject, the circumstantud evidence that the latter per- 
formed the tour of the gidf is almost conclusive. And there 
is reason to suppose that some of the bottles of the admiral's 
chart liavc also perfoniied the tour of the Gulf Stream ; then, 
without being cast Jishore, have returned with the drift along 
the coast of Africa into the intertropical region ; thence 
threugh the Caribbean Sea, and so on with the Gulf Stream 
again.” 

1284. Heminphoricnl Diricion of South and Ntn’th Currents 
in the Sen . — In tliis instance we have a practicid illustration 
of a continuous current circulating within northern latitudes, 
between lO^" ami 40“, without crossing the e<piator into 
southern latitudes, or even flowing to the north of Europe. 
If we continue our nwarches into the South Atlantic (>coan 
wo find currents analogtuis, in their general circulati|tn, to 
those in the North Atlantic ; and though we have no data to 
go upon, in all probability a bottle thrown into the main 
equatorial current south of the line would make the circuit 
of that ocean along the Brazil coast, croesiug over to the Capo 
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of Good Hope and roturning by the South African coast. 
In like manner tlie Pacific Ocean has two complete systems 
of currents in its north and south divisions ; while the In- 
dian Ocean, from the gi^oater portnni of its watei*s being in 
south latitudes, does not show its m>rthern system of eAirn‘nts 
so clearly defined ; yet there is an approximation to the gene- 
ral law involved — namely, that each hemisphere has its own 
sets of currents more or less indepeiulent of the other. At 
the same time tliere may be exceptions to the general rule ; 
but these are infinitesimal in proportion to the great law of 
binary systems of curnmts in the southern and northern 
divisions of the sea. Ami its tlm general dii*ectiun of the 
great currents is longitudinal, we can suppose a drop of water 
making the circuit of the globe from east to west within a 
refisonable space of tim(3 ; wdiereas the*. cham*e of a droj) f)f 
water in the arctic seas reacthing its aniipoiles in the iintarctic 
circle is a contingency so remote that it aj)pears idiuost iin 
impossibility. 

285. of the Universal Coinvitnfjliutj of 

Watpr fJtsjfufed , — Captain Maury assumes that the currents 
of the sea convey every particle of water over its area and 
depths, from the uniformity of its constituent.s wheniver 
analyses have been made. He states : — “ If we take samph? 
of water which shall fairly rejirestuit, in the proj>ortion of its 
constituents, the average water of the Pacific Ocean, and 
analyse it, and if we do the .same })y a similar samjdo from 
the Atlantic, we shall find tlie analysis of the one to resemble* 
that of the other as closely as though the two samples had 
been taken from the same botthi after having l)eeii well 
shaken. How then shall we account for this, unless uj)on 
the supposition that sca-w'ater from one part of the world is, 
in process of time, brought into contact and mixed up with 
sea-w^ter from all other parts of the world]” Wc arc not 
prepared to accept this statement of invariable unifonnity 
of analyses of sea-wator, for it is well known that the pro- 
portion of saline constituents varies consideralJy — that of thc‘ 
tropical waters of the Atlantic being l-24th, while in the 
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(tcrman Orean it is l-30th. Indeed, if we compare the nu- 
merous aualyscs of the hij^hest clicmical auUiorities, we do 
not find two agree in the ([uantitics of mineral ingredients ; 
while some have detected the elements of iodine and hro- 
mine where others could fin<l no trace. As a rule, therefore, 
the analysis of sea-water hy ortlinary chemical means is hut 
a crude a])i)roximatiun to the in,*giitivc evidence of marine 
plants ami animals, wliieh proves that there are elementary 
substanc«.‘s in solution that human ingenuity has failed to 
detect. Of this we have an example in the silicious micro- 
scopic shells that prevail in the North Pacific, while in the 
North Atlantic they are calcareous : from which we infer 
that silex exists in a greater proportion in the one sea than 
the other, although no analyst has detected that constituent 
in a crude form. Taking this into consideration, and looking 
at tin* stupendous Ijarrier of the American continent lietween 
tin* two seas, together with their separate systems of current.s. 
we liave good evidence that the jtartiele.s of these oceans do. 
not commingle, jw though they were shaken up in a Iwttle. 

280. On’i/in of f/reat Ocean -Ciirreiifs not sat iff aef aril 1 / 
rz-phiiaetl . — ‘‘ Tl»o existence of ocean-currents hits lx*en long 
known ; yet it i.s only since the later improvements in navi- 
gation, «‘specially by the inlroduction «if the chronometer 
and lunar observations, about the year 1770, that thej' have 
been treated as a regular and extensive sy.stem ; and for this 
we are. cdiiefly indebted t(» the valuable researches of Major 
Keiincll. Notwithstanding the many attempts to account 
for the formation of these great systems of aqueous circula- 
tion, the .subject is still involved in considerable oliscurity. 
The prevalent oi)inion is that advanced by Kennell, who sup- 
p«i8i's that they are produced by the pressure of the tnuie- 
winds, and the conseijucnt accumulation of water nojir tho 
etpiator. Ihit many examples which he himself adduces 
prove this opinion to be. untenable. For instance, ^ch an 
accnmulaiion of w’ater cauihl only pntduee a sujrorficial cur- 
rent ; while he shows that many of tho stream-currents reach 
k) a very great depth — probably to the bottom of tho sea. 



294 


ORIGIN OF THE SEASONS. 


Besides, many of the currents have their ori^dn in rc^^ions 
where there are no tra<lo or periodical wiiuls. Amonj' otlu‘r 
causes to which tliey have been attrihiited by reinuit autlu»rs 
there are, in addition to traile-winds, the cluin^'cableness of 
atmospheric pressun', the temj>erature of the air, the dilVer- 
euce of temperature or saltnoss of the sea, the periodical 
melting of the polar ice, the unequal amount of evaporation 
at different latitudes, and the local forms of the continents. 
Humboldt, ascribing their formation to the diurnal votutinn 
of the glol>e, calls them (V/mv/Av nf rotation. Doubtless, 
many of these causes may comhino to produce, tho result ; 
but the laws wliicli govern tlie motion of fluids in large 
bodies through each tether in currents of different tempera- 
tures are not yet suflicituUly umhfrstood to warrant a satis- 
factory explanation of these wonderful jdienomiuisi. Fuliin* 
investigations will, in all ]n*obability, develop a system (d’ 
marine circulation in ))erlVct harmony with the. other asc(*r- 
tained laws of the universe.” * 

2S7. ihtrrtintfi nf Itninium (liveried froia their Primnnj 
Course hij the Ui*heanil (jf the LawL — In considering this 
question let us go l^ack to first principltfs, and we may clear 
up some points if we do not solves th<i whole phenomena of 
currents. AVe liave aln;a<ly n^femHl to that (jpoc.h in the 
history of our planet, when the primeval sea encompassed its 
nucleus, free from any disturbam;e of npheaved land. At 
that period we cannot supjKise tlie existence of the (lulf 
Stream or similar currents, as it is abundantly evident these 
were caused ])y the disj)ositi<iU of the oontiiKiiital iiuissos 
either disturbing the direction of primary curnints or creat- 
ing a new local circulation of the oceanic waters. On the 
other hand, we can readily understand tliat what Humboldt 
calls current of rotation existed during the earliest periods of 
the primeval sea, caused by the diurnal rotation of the earth. 
We cafi also easily understand that tlicse cumjiits, being un- 
obstructed by any inequality of th(5 ocean-bed, were of great 
unifonnity, flowing rounrl tho circumference of the earth in 
* Johnston’s 'Physical Atlas of Natural Pheliomena.* 
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bultH from cast to west, as clearly defined as the meridian 
lines on a glo1>e, diminishing in diameter from the equator to 
tile [Miles, It requires no stretch of imagination or ingenious 
argument to prove that, on the upheaval of the land, this 
uniform system of currents was broken up, and the waters 
diverted from their jiriniary coursii to all points of the com- 
[KLss, though still retaining their general direction, as W'c now 
find them, especially in the gieat equatorial current, which 
maintains its primitive character more than the temperate 
or pijlar currents <lo. Then it followed as a matter of neces- 
,sity that the minor currents, lieing hemmed in by the land, 
assumed new features a.s they were influenced more or less 
by tin* conformation of continents anti i.slanils, atmoqdieric 
agt'ucies, evaporation, ami the other causes enumerated in 
the foregoing extract. 

:i8S. In Ho; Prhnfi'nl Hen aU Currmts continuous, as in 
Jii/iifi'c . — .\s to surface currents txuiscd by the action of the 
wiml upon the sea, wt> have a grand example in those pru- 
tluccd hy the tiiule-winds, which are, however, confined in 
their operations by the laiul. “"Were there a free communi- 
cation round the glolre, at or alsnit its equator, the continuous 
action of the trades could not fail to establish a westerly cir- 
culation of the eipiatorial waters with little deviation to the 
north or the south ; and were the whole globe covered with 
water, the comjiensiiting south-west and north-west winds 
beyond the tropics would produce two extra-tropical easterly 
currents surrounding the glolns, and st'jiarated from the 
equatorial one by zones of still water — a lively picture, in 
short, of what is most [trobably the state of the planet 
Jupiter.” Thus, if we refer back by induction to the i>ro- 
bablo condition of the curn*nt8 in the primeval sea, we will 
arrive at a more correct view of the principles upon which 
they are dividinl into so many ditrerant sets, but all obeying 
the general laws that sot them in motion. % 

289. Equatorial Kjceess of Diameter overlooked hy Hydro- 
yrnphers . — It appears to us, however, that a }>otent influence 
in regulating the distribution of the currents luis been over- 
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looked. We allude to the diameter of the primeval Iluid 
oblate spheroid at the equator^ compared with that between 
the poles, which was, in all probability, greater than it is 
now. When astronomers inform us that the equatorial dia- 
meter of the globe is some twenty-seven miles greater than 
its poliir, they do not refer to the solid Imt the litjuid area, 
which is not a fixed quantity, but depends up<»n the oenlri 
fugal movement of rotation. It is a common illustnition of 
this fart to ralculate that if the earth stoppe«l in its iliurnal 
revolution, tlie ocean -oummts would rush with Irememhuis 
velocity towards the poles in obedience U\ the law of gravity, 
so that the two diameteis should be eijual, and the glnbt 
beetune a perfect sphere at the. sea-level. And if suc h a eat 
arlysm to o<‘cur now, tin* recoding waters would leav<* 

the bevls of some e«piatorial seas dry, wliile they woiiM IIoimI 
the lands of the pt»lar regions, si> that searci ly a inountaiii 
W’ould be s<M*n ; wliile all the lower countri«*s c»f Europe wouM 
be submergt'd, turning the Alps into a group of islands. 

-IH). C/'Z/rcr/V// (tj Me (tnI/ Sfrf^fun fut Kxmniih nf fht 

Efjwitnrial Curr^nf. — Now, !»•! iisrojisiih r tluit tins exce.ss of 
Iluid <liaiiieter exists on the tornupieruis glol>e at or near the 
e(piator in the three great oceans — raising, as it were, a watery 
mountain Ixjtween the currents south and north of lln‘ line — 
and we liavo a solution of the phenomenon id lunary systems 
of currents indej»eiident of eacli other just pointed out. We 
have ipioted (Japtaiii Maury’s interesting account of “ th(j roof- 
shaj)ed current” of the fnilf Stream; and in it we liave the 
phenomenon of equatorial expansion exemplified on a small 
scale. They are both subject to the same oceanic Jaws. As 
a farther proof of what has been cited on his autliority, of the 
convexity observable in the Gulf Stream, lie states : — “ 'fhat 
such is the case is also indicated by the. cinuiinstiince, that the 
sea-weed and drift-wood which are found in such larger quan- 
tities aiong the outer edge of the Gulf Stn^ani, arc rarely, even 
with the prevalence of easterly winds, found along its inner 
edge ; and for the simple reason that to cro.ss tlie Gulf Stream, 
and to pass over from that side to this, they would have to 
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drift up au iju lined plana, as it were — that is, they would 
have to stem this roof-current until they reached the middle 
of tlio stream. We rarely hear of planks or wrecks, or of 
any floating substance which is cast into the sea on the other 
sidcj of the (liilf Stream, being found along the coast of the 
United States. Drift-wood, trees, and seeds Irorn the West 
Imlia islamlH are sjiid to have l>een cast up on the shores of 
Kurope, but n<*ver, that I ever heard, on the Atlantic shores of 
ArniTiea.*’ 

21U. liinnnj Divmnn of the Srn and Hit CurrntU nmr the 
Kt/iOitfir, — If \v(‘ apply the infen-nees to Ic deduced from 
thfse fjicb^ and idienoiiiena to the CMpiatorial swelling of the 
thraigli pnMhic’< <l by dilb‘n‘nt causes, we eun n*adily under- 
slaiid why the cMirrents in the south lieinisphere (\o not cross 
tlie iMjuator and at once eninniinglo with the syst<‘ins in the 
north heini>pher«‘, or why drift seu-wced and wn*ek does not 
Hoat from the North to the South Atlantic. These would 
liave to asceml an incline, the axis tif which is midway aer»ss 
the equatorial eiirrent. Hem e they an* lirifted hack into the 
great eihly of tin* Sargtisso Sea, or carrieil round and round 
the ha.sin »>f tin* Atlantic, or j>erehance ciist up on the .shores 
of Kurope, Northern Africa, or North America, It is true 
that then* an* imder-currents which do not obey the law’s that 
regnlati* those upon the surface, such as the lower waters of 
the (Julf Stream, whicli, acconling to Maury, w’hen passing 
through the straits olf Uap<‘ liatteras, “ an* actually fon^ed up 
an inclined plane wdio.se submarine ascent is not less than 
ton inelu's to the mile/' lUit this phenomenon is a pundy 
exceptional one, arising from the (iidf Sln»ain being jammed 
up in th(‘ “ narrt»ws ” of the Florida IVss, causing the waters 
to risi*, just a.H tln^st* of a great river flowing thrmigh a narrow' 
gorge d(». It is true also, ammiiug to the same authority, 
that a hotih*, thrown from a ship ofl* Cape Horn by an 
American mariner in 1837, was jueke<l up some eigla j’ears 
afterwanls on the ooiust of Indand, whicJi Captain Maury 
considers, “ went even fnun that remote region to the so-calleil 
hifjher level of the Gulf Stream reservoir,” while it must have 
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crossed the equatorial current at some place, passiug fn>m 
south to north latitudes. This also may be eonsidertid lix- 
ceptional, as the bottle may have got into some t4‘mi)omry 
counter-current on the coast of South America, by which it 
reached Capo St lioque, where the great eiiuatorial current 
divides — one branch flowing towanls the Caribbean Sea, and 
the other into the South Atlantic. It will be seen tliat the 
broad principles we contend for in the distribution of currents 
over the world are not ath*cted by these i‘Xcepti»ms; and 
that despite them we are entitled tt^ assume the existence of 
binary systems, eaidi in its own hemisphere ami in its own 
ocean, as di>tinct ami varied as the distril)Ution of islands 
and continents within the two Inmiisplieres. In the nortli, 
as the laml i»reth)minates, the number of subsidiary currents 
is greati'st ; and in the south, wluu'e the ocean eneircles 
the globe, they are fewer, but on a greater scale ; while tlie 
ecpiatorial current keeps more in these latitudes, as if to pre- 
serve the vestig(\s of it.*. j>riniitive uniformity in the primeval 
sea. Indeed, it may he said that the earth is hinary in all its 
ndations — from its own pliysical stnietun* and plieiiomena to 
those of the higliest organisms it lias ])nMluced. 

liltu:!: nf Jafftm unnlfftfnns io thf (Jnlf Stretnn, 

— Of thc‘ currents in tin? Pa<*ith! Ocean much less is known 
than of those in the Atlantic ; yet the data ohtaim*d so far 
liy liydrograjiliers go to prove that this nf watvr 

— in the phenomena of its upper and under currents - obeys 
the general laws in openition, whicli ntgnlate tlie whole cir- 
culation of waters on the glohe. The most interesting fact 
connected with the l^acilic currents is the existem3e, of a warm 
stream flowing through the north t^nnperate zone in all re- 
s/iccts analogous to the (Julf Stream in the Atlantic, only 
upon a smaller scale. And w’hat is deserving of special notice 
is the cinmmstance that it tempers the winters of the Japanese 
Isles Hi the far East, just as its contemporary <lo(iS tliose of 
the British Islets in the West ; while the humidity that arisi's 
from it in all seasons has renilered the island of Niphoii tlie 
Emerald Isle** of the Pacific. The Japanese being an in- 
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tclligtiiit peoj)^.*, and, like oursidve«, f'XjKjrienced in maritimo 
cilluii-s, liave observed tliia peculiar current from tlie earlicHt 
times, noting purticuLirly the darker tint of its waters from 
tliosfi of the adjacent ordinary sea- water. Heiia* it is named 
])y th<»m Knrfh^Sitru, wliich Hignifie.s “ Iihu:k Sti*cam,” and it 
never ceases to run in a lUirth-westcjrly dircMdioii. 

203. Physkid Phenomtina of the tiro Streaoui comfHireJ. 
— ])uring the American surveying expedition of 1854 in 
(’him‘se and .lapanese waters, umler the command of Com- 
modore IVrry, the oiheers made, some partitniLirly interest- 
ing observations c.onciiruing this cuii'cnt, and its remarkable 
analogy to tlie plieiioiiicna of the thilf Strciuu. These 
observations were .strikingly contirmatory of the views cx- 
pn?sstMl by (.'aptaiii ^laury and others tus to the cause of tlie 
dellection of the Atlantic (lulf ^Stream to the eastward, and the 
e«»ld eoiiiiter-current below or lietween it and the shore. There 
are precisely similar curivnts, warm and ctild, with the Siime 
relative position too, on the coast of Japan. It may l)e that 
the first wirthwonl direction of Ixith curnuits may lie pr«'KluciMl 
by tlie configuration of the eastern sides of America ami Asia 
rt!Spectively ; but their turn to the eastward afterwanls is 
pnibably not influenced by any agency of the land in its 
shape or position.” Theiv are other analogies wliich the 
officers observeil. A comparison of the temperatun\s of the two 
streams showe.d a striking coincidence. The maximum of 
86'' Fahrenheit was the siuue ; tmt in the Kuvo-Siwo the dif- 
ference of 12^ between its tempeniture and that of the ocean 
jiroper to the latitude where taken, wjis somewhat grt^ater 
than in the CJulf Stream, whic.h averages al>out 10^ although 
it rt^ac.hes 30*^ in the eohlest latitudes. What is still more 
interesting in the.se analogies, a sea-weed was found tlaiiting 
within the cdtly formiHl by the KiuwSiwo, similar in appear- 
ance to the gulf-wecHl, although, fnmi some accident whereby 
the spetrimens wore lost, it was not determined whether the 
species was identical with the Saryassum bucef/emm. At 
all events, to those on iHUinl tlio situadron, the ships sailed 
through a jHirtiou of the Pacific in all respects similar in 
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aspect to the Sargsisso Sea in the Atlantic. It must Ik* ob- 
served here tluit these two remarkable ourrt*nts and tln‘ir 
attendant phenomena are situateil within the north liemi- 
.iiid there is no c‘i>rn*sp.indin).r system of o<*eanic (*ir- 
culat!<>n 1 h* fburul sonrh <»! tlu* <*t|Lator. 

291. IlninlhiJdt Vurvr'^nt in South Pttrifir — 

The suvubt TU v urrents of the I'aeitie t>eeau are but little un- 
derstood. Aee<»nliug to Maury, — •* Amouj^ those ulH)Ut whieh 
mo,«;t is ihoui^ht to Ivo known is the Humboldt t’urrent • !* 
Peru, whieh the ^reat and ootul man wh«»se nann* it Inurs 
was tilt first to diseover. 'Hns current is fell as far as the 
etpiator, miti‘.:atinj» the raiuh‘ss climatt* of l*eni as it and 
makino it delightful. The Andes, witli their snow-caps, on 
one siib* of the narrow Pacific slopes of this inti*rtro|»ij al re- 
public, and the current of the antan*tic regiiuis (ui the otlu*r, 
make its climate <»ne of the most remarkable in the. world ; 
fur, though torrid as to latitude, it is such as to ttunjxTatun* 
that clotli clotlies are seldom felt as oppressive during any 
time of the year, (‘specially aft(*r nightfall.’^ 

295. Currents of the S*a tnnjfer the and cool the 
Hot Reijinns on Shore , — Thus do W(* find the cunvnts of tlie 
ocean on om,* hand cooling tlu3 tr(Ji)ical countries along wlios<* 
shores they .sw(*ep, and on the other giving a mon* genial tem- 
perature to climes which would (jtherwi.m* sulhu* the seveni 
rigoure of winter. Moreover, w(* find that thougli the sea- 
sons of tlie sea, in temperat(3 latitudes, cannot cfunpare in 
their changeahle phenomena with tlio.se exhil3itc*d by tln^ 
fauna and flora that exist in the atmosphen*, yet thescj are 
entirely dependent upon the moisture created by the ovajjo- 
ration of tlie sea, whicli descends upon tlie land in the sliape 
of refreshing niin and dew. Put for this moisture the land 
alxive the surface of the sea would he a barren waste, (?ven 
where the necessary elements of organic life, lu^at, and light 
are abundant. A region of this kind exists on the sliorcs of 
the Red Sea, whi(3h, in itself, is a nohiblo exception to the 
rule we have pointed out. “ That sea lies, for the most part, 
within a rainless and riverless district — the evaporation from 
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it 18 immctisn ; none of the water thua taken up ia returned 
to it (fither by rivura or raina. It ia alxiut one thouaand 
iuiU‘8 lon^ ; it liea nearly north an<l aouth, and extenda from 
liititudi* 13’ to the pumllel of 30® north.”* “The lands ajHin 
all tlu! shores of the Ked »Sea are of an arid description ; an<l 
there Hows into no ]iiirt of it a stream of water that can be 
railed a river, oven in the seasons of the rains. The land 
upon the African si<le especially is worn to the veiy bones, 
and c'ven the nntks, which may be crjnsidercd the bones of 
the lantl, are in a state of decomposition ami decay ; the very 
luriuntains are buried in their own ruins, much in the same 
way that aiudent cities are in many part.s of the worhl — only 
there comes a month of vegetation over the onlinary ruin ; 
but hero there is none. The solid niounmin, long .since de- 
s])oiled of its vegetation and its vegetable mould, is now bro- 
ken like a potsherd, and when- the fragments are still too 
heavy for being blown aljout by' the Avinds, they drink up 
every «lrop of min, anti are both plantle.s.s .and tenantle.s6." t 
290. iicordii’.il mill Barren Arpvrt o/ the Shores of the Red 
Sea . — We can eiuh>rse this »lescription of the barrenness of 
the.se shores, having sailed up the Red Sea in our many A'oy- 
ages throughout the worhl. Having landed at Aden, avo there 
.siiAV an example of the de.solation of its shores, though outside 
its entrance; and ns aa'o rode o\'er the crateriform valley where 
the toAvn is situated, the Avlmle rocky circuit looketl like piles 
of gigantic cinders surrounding a Cyelopasin furnace. Then 
as Ave sailed through the strait of RsAbel-Mandeb, we couhl 
apiireciate its appropriate Arabic signitication of the “ Gates 
of Death.” ‘NV'’o shall never foiget the intense heat and light 
that prevailed, Avhich approached more to the reality than the 
ligurativo expression of a “ sea of molten silver.” It is called 
the Red Sea on account of the myriads of infiisoria of a blooil- 
r«‘d colour seen at times in its Avaters. "VSTien the rays of the 
sun are reilectetl therefrom it looks like molten silver, as avo 
have said ; and when you look into its depths it is the bluest 

♦ Maury’s ‘ Physical Geography of the Sea.* 

f * Summer,' by Robert Mudie. 
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of blue seas. T>ut then the aritl slion^s consist eliiefly (»f red 
rugged rocks and saiul, juul thi* ivd glare o( the. sky on tlu' 
African coast gives it a lurid asj>ect at sunset, which adds to 
its ancient aj)pellation. 

2l>7. Al*u/uia)h**^ of Vfirjrhtfion mvl Animal Lift* in the Ihd 
Ihit wlieii we turn fnun these wasted ainl worn huels 
to the sea which waslies their coasts, we find not one symp- 
tom of desoliition or decay. Vegetation in it is like a forest ; 
and |H'rhap3 then' is no p(»rtion of tlie «*arth’s surfat'O, of the 
sam^ extent, that supports so many and sii<‘h varied animals. 
There are some other oin'uinstances (‘(>nnected with the l\ed 
Sea which draw our attention to more extendt'd uses of tlie 
world of waters than any which come within the si*ope of a 
season, a year, an age, or a period of time as long as that to 
which liuman history resiches hack. In some parts of that 
sea countless thousands of pobfpi are constantly at work 
forming coral reefs, whi<;h render the navigation p(»euliarly dan- 
gerous, as a sliip may, on a second V(»yage, he wrecke*! upon 
one of those reefs, at the very sjK>t where, on a fonner voyagt.' 
a few years pn?vious, or only the* pr(‘cetling year, there was 
ample depth of water, and not tlie l(‘ast vestige of that reef, 
whicli now extends for miles, and rises nearly to the surface. 
Then, in other parts of the same limited sea, vr»l('anic fires are 
constantly in fiction, and additional islands and clangors to 
the navigator are in the course of formation by tlieir means. 
Along with this tlierc*, is on activity of vi?getahle and animal 
life which is truly wonderful ; and tlierc are probably more 
living creatures in the Ih^d Se^i than upon any ten times the 
same extent of land on the surface of tlie globe;.”* 

298. Animal Life in the lied tiea typical of the Worhrf< 
Formation . — Could we but dive into the depths of tliis 
wondrous sea, and explore the recesses of its coral caverns 
and volcanic roeks, we would see nature’s gn^it lalioratory in 
operation, from the elements of which the solid matter of 
this world was fasliioned. Here the countless myriads of 
infusoria are busily at work secreting from the waU'ry me- 
, * * Suximier,’ by Robert Muflie. 
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*liuni tlic alknlif'K an*! cartha licld in »«lutK>n to huihl up 
their NuhiiiaritiR cilificcH, M'ith frvtUrd itioft and ifJendi*r jdn- 
nach-H wliiU* a« the driven anew. There ahowera of minute 
.'•IicIIh are hdlin^' down to the hed of the noa, fonning de- 
[Misits of calcureouR sulmtanee, whicli the internal volcanic 
fires coiiKolitlate into miirhle rrjcks. While here ami there 
soiiKt mollusc forms his shell of huca that outvie the colours 
of the r.iinlMjw, which in time decomposes and sinks into the 
I>lastic rocks. Kvcrywliere these animated w’orkers are chenn- 
cally e.\tracting mineral sulwtaiiccs from the sea, sepaftting 
the solids from the fluid matter, to consolidate the trust of 
the eartli on whicli the sea rejioses. Nor is it a mere figure 
of speecli to speak of tlic “silvery sea;” for, as already 
.shown, it has been proved liy circumstantial evidence that 
the. metal itself e.\ists in cliemical solution. 8o may we con- 
Jectiuv that in the primeval sea gold and all the other metals 
may have formed atoms of its constituent part.s, which the 
hiusy workers of earlier epochs have exhausted from its store. 
By juirsuiiig this line of argument, there is no rea.son to re- 
ject the conclusion that in its pristine comlition, lieforo any 
solitl matter Mas cxlnicfed from the sea, it contained in solu- 
tion the elements of every mineral, nxrk, and metal compos- 
ing its dense nucleus, as well as that portion m'c call its crust, 
of which M'C have tlic most knoM'leilge. And it is not un- 
.scicntilic to infer that as the primary molluscs ami infusoria 
utilised the special elements that passe«I through each alem- 
bic, their particular species became extinct as they exhausted 
those elements, and they M'cre entombed for ever M'ithin their 
oAvn ivmains. 

299. Jttmarhv on iht Ilypolheiisthnt the Land 

mts fird defMiiited hy Organic Life in the Sea . — In express- 
ing our vieM's of organic nature during the earliest epochs of 
the primeval sea in tenns so apparently at variance with 
n'ceived opinions, we may be taxed with allowing imagina- 
tion to overmaster truth. "Wlnit, however, is the principle 
inferred by induction from the premises before us but simply 
a generalisation of evidence funiislied by a multitude of wit' 
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nesses, that ory out from the tle|)th< and shallows of tln^ oeeaii 
that they and their proy:enit»a-s tV«‘iu tin* enMtion t»f i»nr 
planet have hoen ceaselessly at Wi»rk, day and ni^ht, IVoni 
year to year, ^vneration to gen«*ralit^n, ejuu'h to npneli, 
through oountless periods of time, laying the soliil foiinda 
tions of the earth ? Theorists of ilu* igneous si'hool of eos- 
mogony are too ajd to overlook the iinportanee of aqueous 
formations dej>osited l»y marine organisms, and endeavour to 
chivss rocks of this eharacter as seocmdary in the superposition 
of sAita; whereas the evidence is equally strong, if not 
stronger, that they assisted in the primary work of the* 
world’s solid structure, and tliat the phenomena of volcanic 
agency were of subsequent origin, metamorphosing the primi- 
tive organic deposits, so as to make them ai>pear like purely 
inorganic formations. These denizens of the profouml dee,p 
unfold to us a more probable solution of the great geologi- 
cal question regarding the formation of rtxks and niiiK^rals, 
thiin has been hitherto entertained, besides furnishing a 
suhlimer theory of the infancy of our glorious mother earth. 
Here in the crielle of her cliildhofKl we ar«* not introdueo(l to 
a state i»f fiery inrandeNL-enetq blazing in her orbit round the 
Min, from which she was stipjiosed to be a direr.t emanation. 
t)u tbe ouitniTy, we see oiir infant ]>lan» t cradhid in her 
viqueou^ s\»bere, caliii and undisturbed, nurturing within lier 
bosom lliose beauliVul living organisms that first laiil the 
foundations of the earth, from wlaoic(i arose the snpemtnui- 
ture of her mountains as she reached the ijeriod of her vol- 
canic maturity. Since then the living forces of the sea have 
attained perfection on the land surroundefl by tlie air, and 
man has been created as the exponent of her universal vital 
energy. In contemplating the ocean from this point of view, 
we behold, not a subsidiary element tilling up tlie liollows of 
the lai;yl for the sake of spherical uniformity, but the vestige 
of a liquid world, from whence the solid eui-th was fimt pre- 
cipitated, by virtue of that organic chemistry that pervades 
every drop of water in the ocean. So can we speak of the 
heaving of its placid bosom,” while sailing over the bound- 
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less oxp.'iTise, not nieroly as a figuro of speech, hut wc can 
iissocisito with it the knowledge that within its hrcast the 
dtiwii of animal liiV: was nourished. And so also in listening 
to its innrmurs on the p«ihbly beach, or its loud resoundings 
along the rocky shorty we hoar not alone the concussion of 
tln^ waves upon the land, but recognise voices uttering a 
]>rini(jval language that tells us, “ Earth ! O Earth ! remem- 
ber that thou art in all thy living beauty but the offspring 
of the Sea ! 
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CHAPTER XIV. 

THE PRIMEVAL ATMO.SPHERE. 


Introductory remarks on the vihal importance of air in the ten*e.strial econ- 
oiiiy, § 300.— Speculative su^'gestions on extinct geological meteorology, 
Hyjiothesis of a diinimition of the vital constituents in the air, 

302. — De. so late aspect of a region without air, as observed in the moon, 

303. — I)escrii»tion of lunar scenery hy M. (iuillemin, from the latest 
<»hservations, 304. —General phenomena of the air according to Dr 
buist, 305. — The air a ve.stigc of the earth when in a nebulous state, 306. 
— Uniformity of winds or currents in the i)rimeval atmosjOiere, 307. — 
(3oud-belts in Jupiter typical of the primary belts of the earth, 308. - 
Calm-zones and currents of rotation in the j>riineval atmosphere, 309. — 
Familiar illustration of how the primary air-currents were diverted, 310. 
— The tracle-winds are vestiges of j>rimeval currents of rotation^ 311. — 
Phenomena of the trade-winds according to Ogilvy, 312. — Evidence of 
intense humidity in the primeval atmo.sphere, 313. — Phenomena of the 
great equatorial zone of calm.s and rains, 314. — This zone of neutral air 
cau.sed by the opjiosing currents of the tmde-winds, 315. — Commoilore 
Sinclair's account of this .sultry and disagreeable region, 316. — Maury’s 
views on tlie. equatorial cloud-ring above the zone of calms and rains, 317. 

- ’rorrid zone of wiinls, calms, and mins, evidence of the climate in Europe 
during its tropical epoch, 318. 

300, Iiitroflmforij Remarlis 071 the Vital l77\i)ortance of Air 
in the Te7'7x*st7'ial Eco77oi7i7j. — From the study and contempla- 
tion of the Si‘a, its Avondrous j)hysical phenomena, vegetation, 
an<l animal life, we now direct our attention to the Air, 
wlicre nature displays still more wonderful aspects her 
vitality, and tlie vicissitudes of the seasons under the genial 
climates of th(‘. temperate zones of the atmosphere, the influ- 
ences of spring, summer, autumn, and winter, arc felt in their 
highest degree l>y the vast nuinher of species of the vegetable 
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and animal kingdoms that dopiaul upon tho air for thoir 
oxistence, Withonf this eiiviinminhi**nt medium, which 
penctmtcs into every crevice of tie* IriTnl. and ivsts uj)on overv 
atom of the sea, all nature on the surfuM- t»f the earth wiudd 
l>e hut a lifelcvS.^ wilderness of desolation, r.ven if the gase 
ous elements tliat compose the atJiiosjdieric et»nstituent.s were 
dilfeivnt in volume fnun what they art*, st) that tho.se which 
support vitality were tlimiuislied or t*\liausled, fi‘W r)f the 
innuinenil)Ie forms tliat eurieh tlu* fauna ami tltuu of the 
aerial medium would exist, 'fhe sun might shed Ins vivi- 
fying rays upon our j»lanet in vain if the vital elements of 
the air were gone, or so leduetMl that tliey failed to supj)ort 
the individuals of the organic wt»rld. Tin* .sea might still 
C(»ntain vegetation peculiar to itself, ami its water.s swarm 
with gill-respiring and other animals \inited to that denser 
medium of life. Uut if tin* atmosphere were d(‘prived of a 
comparatively small pro])ortiou of oxygen, all air-ri*spiring 
creatures would cease to breathe. Thus do W(; lind that the 
most beautiful and the most gigantie forms of animated nature 
are dependent for their existence! up(»n a certain cemibination 
of gaseous atoms of the. most subtle character in the atim»- 
sphere. It is true tliat to sustain them it is necessary tliey 
should have fluid and solid fo(Ml according to their oiganisa- 
tion, otherwise tlio mure viUd eh*nu!nts of tlie air wouM fail 
to support life. These, however, arc only nioilificd forms of 
the vital gaseous elements, whicli arcj inseparahhj from the 
fountain of life in the air. 

301. Speculative Sygfjestimis on extinct Geolnyical Meteor o- 
iogy . — speculative question arises at the outset of our inquiry, 
whether any clianges liave occurred in tho relative volumes 
of the atmospheric constituents since the earliest forms of 
breathing animals appeared upon the earth. If we consider 
the rapidity of consumption which oxygon undergoes by ab- 
sorption into the animal frame, and its chemical combination 
with other bodies by oxidation, we can easily imagine that 
this gas, as the great vital constituent of the atmosphere, has 
been subject throughout all time to a process of reduction. 
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But then wo are told that it is evolved by vegetation, and so 
far its iMiuilibrium may be maintained. * This is the point for 
investigation, which no analyst has satisfactorily determined; 
consequently we are at liberty to suggest the probable changes 
that iiuiy have occurred in this branch of what we will term 
U&iloijicul Meteorology. In the pre-mammalian periods, 
when enormous lung-respiring reptiles flourished, such as the 
iguanadon — a lizard measuring from seventy to one hundred 
feet in length, with a iiroportionate height and brea^^lth — it 
is probalde that the atmosphere then conUiined different vol- 
umes of its constituents than now, and the change may have 
been one of the caus(*s that led to the extinction of this and 
analogous species. In like manner, perhaps, the mammalian 
monsters of the megatherium, mastodon, and mammoth type 
may liave breathed an atmo»sphere differing from that breathed 
by their rej)tilo juedecessors as well as at present, and their 
<*xtiiietiou might have l)een accelerated by a change in the 
atmospluiric constituents. Besides oxygen, we can imagine a 
decrease in the constituent of car1x)nic acid gas, if we consider 
the immense amount of that constituent which must have 
been witlidniwu during the carboniferous era. So that it is 
not altogetlier incompatible Muth geologiciil evidence that the 
air lias uiulergono changes equivalent to those of the land 
and the sea. 

30:J. Hypothesis of a Diminution of the Vital Comtituents 
in the Air . — Applying this hypothesis to the present condi- 
tion of the air as it acts upon the «liuman constitution, we 
would infer that it does not now contain so large a volume of 
these vital constituents as it probably did during the earliest 
ages of man’s existence. This wo deduce from the prevalence 
of disease in the human subject, which may be traced, not 
merely to the presence of malaria in the atmosphere, but also 
to the liability of contracting disease from a dcfioiency of 
vitality in the air itself. Hence it may be that in the course 
of time, after the human species reaches its maximmn in- 
crease, it will gradually decrease, and the extinction of man- 
kind be accelerated by a diminution in the volumes of oxygen 
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and carbonic acid gas in the atmosphere, which do not main- 
tain at present the same healthy cijuilibrium in the crowdcii 
regions of the north hemisphere as is exhibited iu the thinly- 
populated lands of the south. If we could trace correctly 
the margin between health and disease throughout the earth, 
in all prolmbility we should tiud that it lies in a narrow com- 
pass, controlled hy a small balance in the vital constituents 
of the air. In like manner there may be only a small reduc- 
tion necessary to extinguish the givat bulk of liing-breatbing 
animals. Thus it may be said that the maintenance of ani- 
mated beings upon the dry land depends on the volume of 
*)xygen in the air as much as the food raised from the soil. 
AVhetlier there is a corresponding decrease in thi* nitrogen 
gas, which constitutes four -fifths in volume of the atmo- 
sj)here, there are no data for determining. As long as the sea 
exists, it is held by meteorologists tliat the atmosphere can- 
not diminish in its general volume, whieli includes the moist- 
ure lieM in suspension. If, however, by some oi>eration of 
nature, the ocean were to disappear witliin tlui crust (»f tlie 
earth, it is supposed that the air, in course of time, would 
follow it, 

303. Desolate Aspect of a Regiov without Alr^ as nhserved 
in the Moon . — That such a condition of natural phenomena 
is not incoiiipatihle Avith what exists in the universe, is 
abundantly evident in the physif^al constitution of the iiir)on, 
which astronomers have now ascertained, by means of j)ower- 
ful optical instruments-^somc capabhj of defining an urea or 
object of 200 yards extent — to be a sphere of the most jn’o- 
found desolation that the liuman mind can conceive. Tlie 
views thus furnished are wonderful in their Jisp(^ct, as if i)re- 
senting the wreck of a former world now in ruins, and awe- 
inspiring to the heliolder. “ If an inhabitant of tlie earth 
Avere transported to the surface of the moon, lie would be at 
once struck Avith the strangeness of the scene. The configura- 
tion of the surface, every comer broken up and rugged — ^here 
circular caArities, there elevated peaks ; the aspect of the 
heavens — the bright stars shining in the broad day ; the 
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sharpness of the lights and shades ; the eternal silence which 
reigns in these desolate regions ; the extreme temperature, 
now glacial, now torrid ; — all would unite to upset the most 
familiar notions. Nevertheless, whatever may be the con- 
trasts iHjtween the lunar world and our own glola;, it will be 
seen that the variety which is manifested with a marvellous 
richness here, as in all w’orks of nature, is the eflect of but a 
small number of causes, or rather the result of simple modifi- 
cations of elements which are really the same fur all celestial 
bodies. The simplicity of the laws which govern astronomi- 
cal }ihenomena causes the unity of plan of the whole solar 
system to shine f^rth with incom))arable cleaniess.” 

3(J4. Description of Lunar Scenery hy M. Guillemin, from 
the. latest Ohser cut ions . — “We have supposed an inhabitant of 
the earth landing on the <lesolate lunar world, bristling with 
imuintains and covered with thousands of volcanic vents. 
Wo have deserila'd him contemplating with wonder this 
stmnge globe. I’ut we ought to mention one fact, which 
wouhl render his sojourn much more, than painful — im- 
jiossible — namely, that he woifld not find on tlie surface of 
the moon the most indispensable elements of liis existence — 
air and water. 1'he moon, indeed, it would apjiear, is en- 
tirely devoid of atmosphere. This fact seems ilemonstrated 
by the occultation of .stars. When, by reason of the moon’s 
nmvement acro.ss the constellations, one of the luminous 
jMiints (tf the staiTy vault is covered by the dark part of the 
lunar disc, it is extinguished suddenly, without any gradual 
diminution of its light indicating the presence of a gaseous 
c.nvelojte. This fact holds gootl with the smallest as with the 
large.st stars, even during the eclipses of the moon, u'hen the 
terrestrial atmosphere is no longer illuminated by our satellite. 

. . . Is it possible that there may be an atmosphere con- 
fined to the bottom of the lowest plains and deepest cjatersl 
Nothing renders probable or contradicts this hypothesis. 
But at all events no cloud over disturbs the purity of its sky j 
fur clouds, even of slight dimensions, would be easily per- 
ceived from the earth. In consequence of tliis want of atmo- 
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Sphere, the lunar landscapes have a very peculiar aspect — 
the shadows have every wlitu'C the sar.ie Mack ness. At the 
most, the crudity of the hvii^ht and luminous tints, which 
stand out (Ui a nearly hlaok sky, is tempeml hy ri*lle(dic»ns. 
Then, aj^^aiii, there is no aerial perspective — none of those 
etfects of light, of these eloud-lints, which give our terrestrial 
landscapes so much charm and softness. There refractitui 
iloos not dee<»mpose sunshine into glorious c<>louring and a 
thousand varied tints ; tlie rainbow ami other jihenomeiia (»f 
the siime kiml are unknown on the surface of the moon, ^’o 
air and no water I This implies, of nt‘eessity, absence of 
wimls and currents — absenci* of motion and Tor 

sound, as it cannot be communicated without an aerial 
medium, can i)iily inakt* itself known by tht‘ contact with 
sidid molecules. To au inhabitant of the earth, our liglit- 
giver by niglit would appear, according to the expr(*ssioii of 
Humboldt, but a sihmt and voict'less desort.” * 

305. General Pheinmtua of the Air nrrordinfj to Dr 
Biiiat, — Of the atmosj)here ami its phuuonu‘na generally we 
have a graphic account by Hr Jhiist of Bombay, in tlni fol- 
lowing extract cited 1)V Maury : — “Its u))per surface cannot 
be nearer to us tliaii fifty, and can scarcely be more rcmoti* 
than five liundred inih's. It surrounds us on all sides, yet 
we see it not ; it presses on us with a load of fifteen j)ounds 
on every square inch of surface of our bodies, or from sevcmty 
to one hundre<l tons on us in all, yet we do not so mucli as 
feel its weight. Softer than the s(jftost down — more imi)al- 
pable than the finest gossamer — it leaves the colAveb 
undisturl)ed, and scarcely stirs the lightest flower that feeds 
on the dew it supplies ; yet it bears the fleets of nations on 
its wings around the worhl, and crushes the most refractoiy 
substances with its weight. When in motion, its force is 
8uffici^>nt to level the most stately forests and stable build- 
ings with the earth — to raise the waters of the ocean into 
ridges like mountains, and dash the strongest ships to 
pieces like toys. It warms and cools by turns the earth and 
* * Tlie Heavens/ by A. Guilleiniii. 
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iho matun-a that iiilaihit it. It dmw. up vapoiw* 

from the Hca aiul land, rttaiiw them (liit«<lvrtl m itMrU. or 
8iisp(ind(*d in cisterns of clomls, and tlm^ws tljein ilount 
a^ain as rain or dew when they are required. It hends the 
rays nf the. sun from their jiath to f^ive us the Uvil iff ht of 
eveninf' and of dawn; it dispei’ses and refnicts their various 
tints to beautify the a])proach and the retreat of the orb of 
day. liut for the*, atiuosplu^re, sunshine would burst on us 
and fail us at once, and at once remove us fi*om midnight 
darkness to the blaze of noon. We shouM have no twiliglit 
tc» soften anil beautify the landscape — no clouds to shade us 
from the scorching heat; but the bald eaith, as it rovolveil 
on its axis, wouhl turn its tanned and w(‘akened front to the 
full and unmitigat«;d rays of the lord of day. It alfonls the 
gus which vivifies and wanns our fmmes. and receives into 
itself that whitdi lias lieeii polluted liy use and is thrown otf 
as noxious. It f(H*ds the llame of life exactly as it does that 
of liiv — it is in l)oth cases coiisuiiied and affords tlie food of 
consumption — in both cases it hef'ornes coml^ined with char- 
coal, whicdi requires it for combustion, and is Runoved by it 
when this is over.*’ 

3()G. 77^3 A/r a Vestitjo. of the Earth when in n Nehnloua 
f^tate. — I'he air has its geological history as well as the sen 
and land ; and if we take into account the relative antiquity 
of these three divisions of terrestrial matter, the air is the 
most ancient. Wo go back to the ]>eriod when every particle 
of the (*nrth that is now solid and Iluid existed in a gaseous 
or vaporous form ; the atmosphere is the only approximate 
vestige of its nebulous condition — that condition which 
astronomera have dicovered to bo the state of heavenly 
bodies in the process of fonuation in the boundless regions 
of space. “In the contents of space we see matter either 
agglomerated into rotating revolving spheres of diiferent 
density and size, or scattered through space in the form of 
self-luminous vapour. If we consider first the cosmical 
vapour dispersed in definite nebulous spots, its state of aggre- 
gation will appear constantly to vary. Sometimes appearing 
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separated into round or elliptical discs, single or in pairs, 
occasionally connected by a threiul of light ; whilst at 
another time these nebula occur in fonns of lai'ger dimen- 
sions, and are either elongated, or variously bmncluKl, or 
fan-shaped, or appear like well-defined rings, enclosing a 
dark interior. It is conjectured that these bodies arc under- 
going variously-developed formative j^rocesses, as the cosmical 
vapour bi^oomes con(lens(»d in conformity witli the laws of 
attraction, either round one or more of the nuclei. ... In 
comets, which actually constitute the most considerable por- 
tion of our solar system witli respi‘ct to tin* number of 
individual forms, the ccuicentrated part, usually t4*rme<l the 
heml or nurlnut^ transmits sidereal light unimpaired. The 
mass of a comet ju*obably in no case equals tlie iive- 
thousamlth part of that of tlu‘ earth, so dissimilar are the 
formative processes nianifeste<l in the origimd, and perhaps 
still progressive, agglomerations of matter.'^ ^ ITpon this 
theory of the origin of h(Mli<*s in space, it has been advance d 
by Humboldt and (•ther jdiilosophical observers that this 
world <»riginat(^d from tlie con<h*nsati(m r>f a(U’ifonn matter. 
Therefore, as already observed, the air that we hreatln*, and 
which api»ear8 to he of so evanescent a fonnation (‘omj»ared 
with the sea or the land, is more ancient than either, .and is 
to man the ino.'it glorious vestige of creation with wliich he 
is tangibly acquainted. 

307. Unifonniff/ of Wtnth or Cfirrmis in the Prunrvnl 
Atiaoifphrre. — It is not necessary, howeV(*r, to treat tliis 
section of uursulqect from a cosmical point of view. Our 
theory of the origin of the seasons will he arnjily illus- 
trated in its atmospherical phenomena l>y starting from 
the same epoch ob.served at the commenceunent of the 
preceding sections, when there was no obliquity of the 
ecli[)tiQ. and tlie atmosjihere rested on an olfiate sjiheroid of 
wat(;r, unbroken by the land. At that period we have 
assumed that the currents of the sea were sinqile and nni- 
fonii compared with their present condition, when they are 
* HumlH>ldt*s ^Cosmos.* 
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diverted in all directions by the olmtractions of continents 
and islands. The same remarks apply generally to the 
primeval atmosphere; only, from its volatile nature, the 
aerial currents wore subject to changes, more or less rapid, 
camsed by solar influences, which affected but slightly the 
stcjady currents of the primeval sea. As ol>served at the 
present day, there were the two great divisions of curnmts 
— one caused by the diurnal revolution of the earth, and the 
other by the heat of the sun. The former influence may 
1)0 described generally os producing winds of a permanent 
character blowing in a longitudinal direction, the latter those 
of a more evanescent nature blowing in a latitudinal direc- 
tion. At the epoch, however, to which we refer, these 
influences combined to produce winds of a steadier kind 
between the ecpiator and the poles than now' exist, chiefly 
blowing from directions more or less easterly at the equa- 
torial lines — of which wo have an example in the north-cast 
and south-east trado-wiiwls — and westerly towanls polar 
latitudes. "We can imagine those winds blowing in a j)erfect 
zone at that epoch, when no land intervened, and that their 
influence was felt in much higher latitudes than at present. 
Indeed, if wo tiike into consideration that part of our theoiy 
that the earth revolved upon its axis w'ithoot any ilisplaco- 
ment of the equatorial plane from its orbit, it is prol)ablo 
that the primeval winds swept around the globe in Isilts 
divuled by calm-zones in uninterrupted currents generally 
jtarallel with the meridian lines shown upon ordinary 
majKS. 

308. Cloud-Belts in Jupiter typical of the Primary Belts of 
the Earth . — Another view may bo taken of the vrinds at this 
])eriod if w'o select Jupiter os approxinmting to the primeval 
condition of our planet, where apparently the aerial currents 
of rotation overcome those caused by solar heat, pnxlucing 
those remarkable belts that cross his disc more or less longi- 
tudinally. “ They are generally parallel to one another, bxit 
not always so ; and their brcailth is likewise variable, one 
l)elt having been observed to grow narrow', while another in 



ito n«tghlK*urh<HHl hits iucn<;vsiHl in I* mUli, as if tho oiu- liad 
ttovrwl into the ollu*r ; au<l in this* nuie a part of an uhliqiio 
belt ky 'between tlvrui, as if to form a communication for 
Ibk purpose. The time of tlieir coutinuuuce is very uncer- 
Uun — sinuelimes they temaiu unchanged for three mouths, at 
other times new belts have Wen formed in an hour or two. 
In some of these Wits large Idack spots have appeared, which 
moved swiftly over the disc fwm east to west, and ret\>rn<*d 
in a short time to the same place ; whence tho rotation of 
this planet about its a-xis 1ms Wen determined. . . . Tho 
time of rotation, acconling to Ciu<sini, ]^fir.ddi, and others, is 
9 hours and between 55 ami 50 minutes. . . . The change.^ 
in the appearance of the spots, and the ditfenmee in the time 
of their rotation, make it probable that they do not adhere 
to Jupiter, hut are clouds transported hy the winds, with 
different velocities. . . . The radius of Jupiter Wing nearly 
11 times (10.89) that of our earth, and his rotation being 2.4 
times more rapid, it follows that tho space jiassinl over 1)y a 
point on liis c(|uator is 20 times greater than that ])ass(!d 
over hy a point of the terrestrial equator in the same time. 
Hence the centrifugal force is 20 times gnniter.”* From Ihis 
tremendous velocity in its axial rotation, and the dense 
clouds arising from an ohlato spheroid in all probahility 
presenting nothing but water cm its surface, it has been con- 
cluded hy astronomers that the belts of J upiter are caused 
by the currents of its atmo.sphere. 

309. Calm-Zonen awl Carrentu of Rotation in the Primeval 
Atmosphere . — In this planet we have an example of what 
the earth was at the period under review, only we have no 
data to determine whether its hulk and velocity of diurnal 
revolution approached that of Jupiter, or even if these were 
greater than they are at present. Calculating hy tho universal 
law of aggregation, according to Humboldt, observable in the 
formation of planetary bodies, always from a lighter medium 
of extended dimensions to a denser nucleus of smaller cir- 
cumference, we should infer that the bulk of the world was 
* Art. “ Astronomy,” ‘ Encycloptedia Britannica.’ 
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extent aii.1 huiiii«lily ; while |>wl«l»ly tin* fehTitjr yf Ihe 
(liiirnal w-vdlutiuii wjw more rapid, iiut it w aot J/octtl«8^ 
to spijculatc upon what may have fjeea the physical con- 
dition of tho uartli at this ]>eri<Kl as ahecting atmospheric 
pliouomciui, for wo have ample evidence that there were not 
onl}' belts of winds and clouds, hut zones of calms that 
lUvided the circulation of tho air into separate systems of 
currents, (yaptaiu !Maury has constructe*! a diagram of the 
winds, which gives an excellent idea of these belts of calms 
an<l winds, showing four of the latter divided by three of 
the former, besides two discs of polar calms. Looking at 
this diagram, we see at once how the belts of Jupiter are 
formed ; and we can easily suppose that a sentient Iwing 
possessed of telescopic power in any of the other planets 
would (tbserve similar belts around the earth — which we may 
consider existed in the primeval atmosphere, liefore the 
zones w'cre broken up by the upheaval of the land, more 
jmrfect than they now are. 

310. Familiar lUuHtration of ime the Primary Air-Cur- 
rents were, dircrtctl . — It requires no great amount of scientific 
knowlctlge to understand how the primeval currents of air 
were subsc'ciuently diverted from their course at certain 
localities by the interposition of islands and continents. 
Tho inliabitant'of any large city may see tho principle in 
opemtion on a windy day, where the true direction of tho 
breeze aloft is scarcely to bo found among tho streets and 
squares below. For example, take London, and observe its 
level site. Hero, befoTO a house was built, the west wind 
swept across tho native heath in a straight line towards the 
east. Now that same wind will blow down one street as 
from the north-w'ost, and from the south-west in another, 
according to tho angle in which it is built, wliile it will eddy 
round St Paul’s at all points of the compass. If we magnify 
these structures of man to the dimensions of the continental 
works of nature, we can see how a great belt of wind blowing 
from west to east may become a different wind along the 
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shores of a continent, or among the Alps may twist and turn 
in all directions. It is not, however, the purport of our 
researches in the regions of atmospheric phenomena to 
enter into the minutise of aerial currents, but geucnvlly to 
inquire how far they assist in mingling the atoms of the 
atmosphero ; and, on the other hand, how far the lielts of 
calms prevent the commingling of the air at the opposite 
latitudes of the south and north temperate zones, if not the 
two hemispheres. 

311. The Trade-Winds are Vesliges of Primeml Currents 
of Hfitation . — Eegarding the constant winds or currents of the 
atmosphere, we are informed hy Captain ]Maury that ‘from 
the parallel of about 30’ north and south, nearly to the 
equator, we have, extending entirely rouinl the earth, two 
zones of perpetual winds — viz., the zone of north-east trades 
on this side, and of south-east on that. With slight inter- 
rui)tiou3 they blow perpetually, and are as steady and as 
constant as the currents of the Mississippi river, always 
moving in the same direction, except when they are turned 
aside by a desert here and there to blow as monsoons, or as 
land and sea breezes. As the.se two main currents of air are 
constantly flowing from the poles to the eipiator, we are safe 
in a.ssuming that the air which they keep in motion must 
return by some channel to the place toward the poles whence 
it came in order to supply the trade-wind.s. ‘If this were not 
so, these winds w'ould soon exhaust the polar regions of 
atmosphere, and pile it up about the equator, and then cease 
to blow for the want of air to make wiml of. This return- 
current, therefore, must bo in the upper regions of the atmo- 
sphere, at least until it ])asscs over those parallels between 
which the trade-winds are always blowing on the surface. 
The return-current must also move in the direction opposite 
to that^wind the place of which it is intended to supply. 
These direct and counter currents arc also made to move in 
a sort of spiral or loxodromic curve, turning to the west as 
they go from the poles to the equator, and in the opposite 
direction as they move from the equator toward the poles. 
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This turning is cause«l hy the rotation of the earth on its 
axis. The eartli, wo know, moves from west to east Now, 
if wo imagine a particle of atmosphere at the north pole, 
where it is at rest, to he put in motion in a straight line 
toward the equator, we can easily see how this particle of air, 
coming from the very axis of diurnal rotation, where it did 
not j^artake of the diurnal motion of the earth, would, in 
consequence of its vU inertice, find, as it travels south, the 
earth slipping from under it, as it were; and thus it would 
appear to bo coining from the north-east and going toward 
the south-west — in other words, it would be a north-east 
wind. On the other hand, we can perceive how a particle 
of atmosphere that starts from the equator to take the place 
of the other at the pole, would, as it travels north, in' conse- 
quence of its viit inertial, be going towards the cast faster 
than the earth. It wouhl therefore appear to be blowing 
from the south-west and going towards the north-east, and 
c.xactly in the opposite direction to the other. Writing 
south for north, the same takes place between the south pole 
ami the equator.” 

312. Phenomena of the Troule-Winda according to Ogilvg. 
— A less technical yet lucid description of the trade-winds 
is concisely given in Blackie’s * Imperial Dictionary,’ as fol- 
lows : — “ The trade-winds are those perpetual or constant 
winds which occur in all open seas on both sides of the 
equator, and to the distance of about 30° north and south of 
it. They are so named because they are favourable to navi- 
gation and trade. On the north of the equator their direc- 
tion is from the north-east (varying at times a point or two of 
the compass either way) ; on the south of the equator they 
proceed from the south-east. The origin of the trade-winds 
is tliis : The great heat of the torrid zone rarefies and makes 
lighter the air of that region, and in consequence of this rare- 
faction the air rises and ascends into the higher regions of 
the atmosphere. To supply its place, colder air from the 
northern and southern regions rashes towards the equator, 
which also, becoming rarefied, ascends in its turn. The 

X 
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heated air which thus ascends into the upper n‘gions of the 
atmosphere, being there condensed, flows northwanl and 
southward to supply the deficiency caustnl by the nnder-eur- 
rents blowing towanls the etpiator. These uiuler-currents, 
coming from the north and south, are, in tonmiuence of the 
earth’s rototion on its axis, »lofle<*tetl from their course as they 
approach the equatorial region, ami thus lH-eoine north-east 
and south-east ■winds, constituting the tmde-winds.” 

313. Evidence of intent JlutnidHij in tli>' firimrral At- 
mofphere . — It is important to note here that a sj)ae»: of at- 
mosphere intervenes between these tw»> c'oiitending winds, 
“extending at different seasons from about 150 t<> ,500 miles. 
Hero the tvro "winds meet, "with opposing fiavos so nearly 
balanced as to neutralise each other ami produce a "aim.” * 
Tliis is the tract of air so much dreaded by mariners in their 
voyages from the North to the South Atlantic, Avhere the 
navigation is subject to sudden and violent storms of thunder, 
lightning, and rain, accompanied by heavy squalls of wind, 
which as smldenly cea.se, when a dead calm prevails in the 
.sultry humid air, more oppres.sivo than the. storm of rain. 
“ When the north-east and south-east trade-winds meet and 
produce the equatorial calms, the air, by the time it reaches 
tliis calm-belt, is he.avil}’^ laden "wdlh moi.sture ; for in each 
hemisphere it has travelled obliquely ov<*r a large space of 
the ocean. It has no room for escape but in the upwani 
direction. It expands as it ascends, and becomes cooler ; a 
portion of its vapour is thus comlenseil, anil e,omes down in 
the shape of rain. Therefore it is that under these calms 
we have a region of constant preeijntation. f)ld sailors tell 
us of such dead calms of long continuance hen;, of such 
heavy and constant rains, that they have scooped up fresh 
water from the surface of the sea.” + Thus, ivhen the sea 
was 'universal,, the humidity of the primeval atmosjdiere 
would be intensely greater than at present. 

314. Phenomena of the great Equatorial Zone of Culma 

* Johnston’s ‘Physical Atlas.’ 

t Maury’s ‘ Physical Geography of the Sea.’ 
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and Rains. — Those pemanent winds, with the dividing zone 
of calms and variable winds, extend across the Atlantic and 
the greater width of the Pacific, but they are not so well de- 
fined in the Indian Ocean, where the continent of Asia affects 
the north-east trade-winds so as to convert them into monsoon 
winds, blowing one-half the year in that direction, and the 
other half from the south-west. So also on the continent of 
Africa these winds and calms are not defined as on the sea, 
in consequence of the great breadth of land within its tropi- 
cal latitudes. The same causes affect the south-east trade- 
winds, where the widest portion of the South American con- 
tinent extends its shores ; but the north-east are less affected 
where the Atlantic and Pacific trade-winds arc only separated 
by the comparatively narrow region of Central America ; 
while the belt of calms is almost united when, at certain sea- 
sons, it reaches the Isthmus of Panama. From this it will 
bo inferred that the equatorial zone of calms is not stationary, 
and likewise the tmde-winds which proiluce it. They follow 
th<f stm in his apj»arent annual course from the Tropic of 
t/an(M‘r to the Tn»j>ic of Cajtrieom, and vice versa. At the 
same tinm theni is eonsulonible inequality in the two sets of 
Avinds. The south-east trade-winds form a wider belt than 
the north-east, and their l‘or<*e is greater. Consequently they 
ja-e.ss tlu'in buck at times jis far as the 9th degree of north 
latitude, and mrely allow them to enter southern latitudes. 

“ It is a remarkable phenomenon that the annual movements 
of the trades and calm-belts from south to north, and back 
again, do not directly follow the sun in its declination, but 
a])pcar to wait until the temperature of the sea-water puts it 
ill motion. 'Die trades and the licit of calms do not decline 
before the temperature of 80® of the Avater in the North 
Ocean turns it soutliAA'anl ; and in the spring they do not go 
northward until the temperature of 80° returns.” * • 

315. This Zone of neutral Air caused hy the opposing 
Currents of the Traile.-Winds. — Now this bolt of calms, ao- 
conling to the best authorities, is considered as a damming-up 
* Lieutenant Jansen, cited by Maury. 
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of the atiuosphorp between the two great aerial currents. 
Hence it hi\s been found, by barometrical observations, to 
measure a column of air less dense than those of the winds 
on either side, but of intense humidity. So that it is like a 
reservoir into which the tnule-winds discliai'go their surplus 
air and moisture, until a barrier, as it were, of neutral atmo- 
sphere has become collected, separating their currents almost 
as etfectually as the Gulf Stream divides the onlinary .sea- 
water. As the winds approach its coniines they take an up- 
ward course, producing what sailors term a “ liftuig-wind," 
when the sails of the vessel swell out like balloons, and ac- 
tually lift the ship fractionally out of the water. Well do 
w'e remember the delightful motion creatt'd thereby when 
bounding through the north-east tnide-winds over a genth* 
sea, which realised all our previous notions of what the 
poet describes as “ sailing on the wings of the wind.” And 
well do we recollect, also, the discomfort and w'carisome- 
ness of being b<?cahned in the “doldrums,” as the .sailors 
quaintly term the variable winds and calms of this tropical 
belt of the atmosphere. It was, therefore, w'ith enhanced 
pleasure that we again entered the trade-wind at the opposite 
boundary of the calm -zone into southern latitudes, where 
the buoyancy and brightness of the air are even more exhil- 
arating than to the north of the e<|uator. The psussage 
through this belt is the theme of all voyagers from the North 
to the South Atlantic ; and recently their name has lx;en 
legion, as all emigrant shijjs from Europe to the golden lands 
of Australia have to cross it. 

316. Commodore Sinclair' a Account of this mltry and 
disagreeahle Region . — Of the many accounts given, few sur- 
pass the following graphic sketch by Commodore Sinclair of 
the United States navy, as cited by Maury: — “This is cer- 
tainly one of the most unpleasant regions in our globe. A 
dense, close atmosphere, except for a few hours after a thun- 
der-storm, during which time torrents of rain fall, when the 
air becomei^ a little refreshed ; but a hot glowing sun soon 
heats it again, and but for our awnings and the little air put 
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in circulation by the continual flapping of the ship’s sails, it 
would be almost insufferable. No person who has not crossed 
this rctgion can form an adequate idea of its unpleasant effects. 
You feel a degree of lassitude unconquerable, which not even 
the sea-bathing, which everywhere else proves so salutary and 
renovating, can dispeL Except when in actual danger of 
shij)wreck, I never 8{)cnt twelve more disagreeable days in 
the professional piurt of my life than in these calm latitudes. 
I crossed the line on the 17th of January at eight A.Jf., in 
longitude 21® 20', and soon found that I had sunuounted all 
the difficulties consequent to that event ; that the breeze con- 
tinued to freshen and draw round to the south-south-east, 
bringing with it a clear sky and most heavenly temperature, 
renovating and refreshing beyond description. Nothing was 
now to be seen but cheerful countenances, exchanged as by 
enchantment from that sleepy sluggishness which had borne 
us all down for the last two weeks.” 

317. Maury’s Views on the Equatorial Cloud-Ring alove 
the Zone of Cabne and Rains. — Tlie intelligent reader will 
readily suppose that, in a region of such heavj'^ and constant 
rains, there must be dense clouds continually hovering about, 
of that kind named nimbus by meteorologists, or the well- 
known rain-cloud. So dense and constant are these in the 
zone of calms scimrating the trade-winds, that Captain Maury 
appropriately designates it the “Equatorial Cloud -King.” 
“ Ceaseless precipitation,” he says, “ goes on under this 
rloud-ring. Evaporation under it is suspendetl almost en- 
tirely. Wo knoAV that the trade-winds encircle the earth ; 
that they blow perpetually ; that they come from the north 
and the south and meet each other near the equator ; there- 
fore we infer that this line of meeting extends around the 
world. By the rainy seasons of the torrid zone, exeept where 
it may be broken by the continents, we can trace the declina- 
tion of this cloud -ring, stretched like a girdle round our 
jdanct, up and down the earth — it travels up and down the 
ocean, ns from north to south and back. It is broader than 
the belt of calms out of which it rises. As the air, with its 
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vapours, rises up in this calm-l)elt and ascends, tlieso vapours 
are condensed into clouds, and this condensation is followed 
by a turgid intumescence, which causes the clouds to over- 
flow the calm-belt, as it were, both to the north and south. 
The air, flowing oft’ in the same dii“eetion, assumes the char- 
acter of winds that form the upper currents that are counter 
to the trade-winds. These currents carry the chiuds still 
further to the north and south, and thus make the cloud- 
ring broader ; at least we infer such to be the case, for the 
rains are found to extend out into the trade-winds, and often 
to a considerable distance both to the north and south of the 
calm- belt.” In his enthiusiastic observations legarding the 
phenomena of the cloud-ring, Captain Maury compares it to 
the rings of Saturn, which it would re.semble, only more 
rugged in its outer rim, to an inhabitant of that planet if the 
earth’s cloud-ring Avere luminous. With all due dcfennice to 
his opinion, Ave should compare it more appropriately to the 
dark belts of Jupiter, or those on the body of Saturn. 

318. Torrid Zone of Winds, Calms, and Rains vxidmee 
of the. Climate in Euroim diiriwj its Tropical Epoch.— If Ave 
apply this obserA'cd phenomenon of intense Immidity Avith 
belts of constant winds and calms Avithin the present tropics 
to our theory of an extended torrid zone in the jjriinary 
atmosphere, Ave have a solution of the question of utmo- 
splieric moisture that prevailed in Europe during its tropical 
epoch. Comparing the fossil remains of vegcitation at that 
period Avith what exist at present, av« find the extinct floni 
of the British Isles analogous to that of the West indies, 
where the islands revel in luxuriant succulent jdants. The.se 
indicate a moisture and heat in the air during the greater 
part of the year of which we have no experience at the j)re- 
sent day, even scarcely in tlie hottest days of summer. In- 
stead the comparatively dry atmosphere and cool sea- 
breezes that blow through our forests of oak and pine, invig- 
orating the robust frame of the peasant, the air was charged 
with humidity, and intensely hot both by night and day ; 
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while jungles of rank vegetation sprang up among the palm- 
tro(} forests, generating malaria from the marshy ground. 
JJuring tlie transition periods between that epoch and the 
prf^sent era of the seasons, there were changes in the currents 
and coiulition of the air which altered, modified, and broke 
up tlie uniformity of the primeval atmosphere. 
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Theory of independent circulation in the tropical air-currents, § 319. —The 
equatorial belt of calms acts as a barrier between the trade-winds, 320.— 
Momentum of probable atmospheric waves, 321.— Tropical calm-belts 
acting as barriers between the north ami south tempemte winds, 322.— 
The question arises whether the air commingles north and south, 323.— 
Maury*s theory in favour of universal intermingling of the atmosphere, 

324. — How particles of air are supposed to circulate from pole to pole, 

325. — Principle of l^Iaury*s theory inconsistent with atmos]>heric j)heno- 
mena, 32G. — Maury’s arguments why air must possess the same constitu- 
ents in both hemispheres, 327. — Theory of a disjiarity in the volume of 
constituents of air in the temperate zones, 328. — Mania 's remarks on 
propounding a new h}rpothesi8, 829. — Our own views on the importance 
of studying the phenomena of the air, 330. — Dr Priestley first discovers 
that air is a compound body, 331. — Mr Cavendish anhlyses the volumes 
of its constituents, oxygen and azote, 332.— Foreign chemists confirm 
Cavendish’s experiments, 333.— Carbonic acid gas discovered as an ele- 
ment in the air, 334. — No analysis of the atmosphere made in the south 
hemisphere, 335.— Scientific observers at the Cape and in Tasmania over- 
looked analysis of the air, 336. — Numerous observatories in Australia, 
but none analysed the air, 337. — Surveying expeditions in southem oceans 
made no analysis, 338.— Inquiry as to existence of negative evidence 
showing disparity of volume in the constituents of the air, 339. 

319. Theory of independent Circulation in the Tropical 
Air-Currents . — Among the phenomena of winds and calms 
that characterise the distribution of the great aerial currents, 
the question that hears most directly on the theory broached 
in this essay is that which relates to their hemispherical divi- 
sion. As we have seen in the foregoing part on The Sea ” 
that there appears to he a binary separation of the oceanic 
currents north'and south of the equator, so in the atmosphere 
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tlmre is a T)elt of equatorial calms that divides the winds 
caused hy the earth’s rotation on its axis. Hence we have 
to consider a series of winds and calms between the poles 
tliat occur in duplicate, like the meridian lines on a globe, 
apparently independent of each other, and separated at the 
ecpiator. Without endorsing the entire theory of Maury 
relating to the phenomena of the equatorial zone of calms 
and rains, wo agree with his lucid demonstration of the gen- 
eral character of this zone, which has been described by 
numerous other meteorologists — namely, that there is a 
counter - current in the upper regions of the atmosphere 
blowing in a contrary direction to that of the trade-winds on 
cither side of the equator. We haA’^e already observed that 
this zone of comparatively neutral air, varying in width 
at different seasons and different meridians on the ocean 
from 6° to 9® of latitude, was the receiver of the surplus 
humidity of the trade-winds blowing into it. But it does 
not follow that the gaseous atoms of azote, oxygen, and car- 
bonic gas are also absorbed into it ; for, large as this aerial 
rec*ei)tacle is, it would not contain a tenth part of the trade- 
Avinds. The more correct deduction to be draAvn from the 
data given would be, that the air, haA-ing discharged the 
moisture absorbed in its passage over the “wide waste of 
waters " in those latitudes where the trade-winds blow into 
the calm-zone, the pure air ascends above the region of pre- 
cipitation, and returns to those higher latitudes from whence 
it sprang in a highly-purified condition within the Tropics of 
Cancer and Capricorn. Here the upper return - currents, 
meeting with two other calm -belts, into which they have 
no moisture to dischaige, enter the lower currents as com- 
paratively dry Avinds. Thus the circulation of this tropical 
section of the atmosphere is kept up within limits as clearly 
defined as the great equatorial currents of the oce§n. To 
illustrate this view of aerial circulation more clearly, it is 
necessary to refer to the annexed diagram, exhibiting an 
imaginary vertical section of the atmosphere. 

320. The Equatorial Belt of Calms acts as a Barrier 
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between the Trade-Winds . — An important question arises 
hero, whether the pure air on the north side of the equato- 
rial belt of cahns and rains ever coiumingles in its constit- 
uent elements with that on the south side. If we accept 
the foregoing theory in its entirety, wo cannot see how tliis 
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■xmids m tire North aud South II*:m.8ph#Tea, with a new Uiuory of Alraospherlc Circula- 
tion. 

can take place, with such a humid barrier of neutral air Ijo- 
tween. It is true that the particles of water held in suspen- 
sion by the two currents of air mingle together, and fonn the 
rain-clouds that produce this gntat hyetographic zone. It is 
also probable that portions of each lower current mingle with 
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tlie neutral air, and become at rest for a time until they ascend 
into the upper regions and mingle witli the counter-currents. 
Hut it docs not ap])car how an immense bulk of air like the 
north-cjist trade-winds, blowing with considerable strength, 
being suddenly checked by a neutral zone of atmos])herc, sat- 
urated with moisture, can cross that barrier and commingle 
with the south-east trade-winda According to the law of 
forces, the particles of air would rebound from this concus- 
sion of a moving current against a comparative stationary 
body of air. And as we have seen that the trade-winds have 
an upwanl tendenc-y in their course towards the equatorial 
belt of calms, there is no doubt but that the upper return- 
current is assisUsl gneatly by the rebound of the particles of 
air from their momentum. 

321. Momentum of prolmble Atmospheric Waves. — ^More- 
over, we deem it a question not yet satisfactorily determined, 
whether there is not a momentum in the atmosphere indepen- 
dent of its moving atoms — that is, a force of wind produced 
without the particles of air moving with the same velocity — 
just as wo find in the motion of a wave, where there is no 
cori’csponding movement in the atoms of water. According 
to meteorologists, it appeal's to be a foregone conclusion that 
all winds are currents of air, where the particles move along 
like the flow of a river, or, what is more apposite, tlie motion 
of the Ciulf Stream in mid-ocean. Xo doubt such is the basis 
of all winds of long continuance or permanence, as the tropi- 
cal tnulo-winds and constant temperate westerly winds. But 
it is well known that those winds impart an impetus to the 
particles of the ocean that form waves, which travel with great 
velocity and beat with vast power on the solid land, without 
any actual current of water beyond the rolling of the surf 
upon the lieach. May not the atmosphere, which furnishes 
the impelling power in this instance, acquire a similar piomen- 
tum, and the actual force of a wind be greater than the cur- 
rent of air or its velocity 1 As there are forces in the waves 
of the sea independent of oceanic currents, may not there be 
atmospheric waves imiiortiug force to the particles of air in 
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addition to onJiiKiry cum^nta t This mny n nice question 
to solve as rcganls the trtule-wiiMls, hut it is different with 
tefetence to the sudden gusts of wind which hluw w'ith terri- 
fic violence in the "belt of calms. Although the h>wcring of 
the barometer indicates the approach of violent squalls, yet 
they are so sudden, so strong in pressure of wind, and so short 
in duration, that the theory of ai^currents is not sufficient, in 
our opinion, to account for the phenomenon. As the question 
is one that bears upon the general subject of the universal 
intermingling of the atmospheric atoms, we point it out ns a 
possible element in our theory which supports a hypothesis 
to the contrary. 

322. Tropical Calm-Belts acting as Barriers hettreen the 
North and South Temperate Winds . — Ilesides this equatorial 
belt of calms, we have sho^vn in the diagram the calms of 
Cancer in the north hemisphere, and a corresjnmding zone in 
the south under the Tropic of Capricorn. The average width 
of these calm-belts is calculated variously — sometimes less 
and sometimes wider than the eipiatorial belt of calms. Tlu*y 
separate the w'inds of the temperate zone from the trade-winds ; 
and in this respect act as a barrier to their commingling, ju.st 
as the equatorial belt does between the trades. In these calm 
regions it has been ascertained that the pressure of air is lower 
than it is to the north or the south of them, which has been 
instanced as a proof that the atmosphere is rarefied into an 
ascending cmTcnt by the neutralising influences of the trade- 
winds on one side being easterly, and the tempertite winds, 
which blow in an opposite direction. Within the influence 
of the latter wrinds there are regions of constant tain, but not 
so heavy as that of the equatorial belt of calms. These calms 
of the tropical limits are likewise subject to the solar influence, 
moving north and south according to the declination of the 
sun. 7.n this movement they mark what are termed periodi- 
cal rains, or those that occur in certain tropical latitudes at 
fixed periods of the year, which are succeeded by dry seasons 
of equal duration more or less. 

323. The Question arises whether the Air commingles North 



anti Smtlii. — IltTo we Jiave a awoml and a thinJ Udt of neu- 
Inil air Hurrt»uu<liug tin* earth— in ®*ch heiatfj*h<*r0— that 
evitlcnUy timHt affect the coitttuuigliog of the itioosphcro gelt- 
emlly, agaiti raiHing the question whether such commingling 
really takes place. On this p)int Captain 3faury expresses 
himself as follows : — “Arrived adth my investigations at this 
stage in the construction of a theory, a question of this sort 
arose ; Docs the air which is poured into those calm -belts 
from the north, for instance, return to the north as it flows 
oiit, or does it keep on its circuit towards the south 1 ” In 
endeavouring to solve this im 2 )ortant problem, which is one of 
vital interest to mankind as well as science. Captain Maury 
adheres to his hyqxithcsis, that in the atmosphere, as in the 
sea, every particle of air and water not only changes its posi- 
tion in the circumference of the globe, but that there is a con- 
tinual change of atoms Ixitween the poles ; so that, in the 
course of time, the entire ocean is shaken up, even to its pro- 
foundest depths, ns effectually as if it “ were shaken in a bottle,” 
to \i8o his o\vn expression. In the previous division of our 
subject on “ The Sea,” we haA'c ventured to dissent from this 
doctrine of univcrsiU circulation; for, however beautiful it 
may bo in theory, as an instance of the harmony of all mov- 
ing things in the universe, there are data for concluding that 
the currents of the ocean do not mingle universally, as ex- 
plained in tliat section. In like manner, with a consistency 
we cannot but fulmire, however we may dissent from his hypo- 
thesis, the gallant physical geographer of the sea endeavours 
to show, by an ingenious mode of argument, that the atmos- 
pheric atoms cross the three belts of calms in their circulation 
from the north to the south pole, and vice versa, as regularly 
as the particles of air forming the trade-winds circulate within 
their own domain. In elucidating his theory of universal po- 
lar circulation, he has constructed a “ Diagram of the^Winds,” 
with a marginal reference to the course supposed to be pur- 
sued by two imaginary particles of air — one starting from 
the north pole and the other from the south. The course 
of each at starting is in the upper current of air, presumed 
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to exist at the poles, until tlioy reach tho tropical calm-helts, 
when they descen*! and cross each other in the still niediuiu, 
each pursuing its latitudinal course, ascending and descend- 
ing alternately, until all tho tliree lielts are crosseil, and the. 
north pole particle reaches the south polo, where it rests in 
a supposed disc of polar cabns, until it ascends and again 
returns to the north polar disc of calms — and so on ad in- 
finitiiin. In order, however, to do justice to tho author 
of this hypothesis, we must again briefly quote his own 
words : — 

324. Maunj's Theory in favour of nnicersal inieriniiiyKiiy 
of the Atniosphere , — “The earth, we know, moves from west to 
east. Now, if we imagine a particle of atmosphere at the nortli 
pole, where it is at rest, to be put in motion in a straight 
line toward the equator, we can easily see how this particle 
of air, coming from tho verj' axis of diurnal rotation, where 
it did not partake of the diurnal motion of tho earth, would, 
in consequence of its vis inerthe, fiml, as it travels south, the 
earth slipping from under it, as it were ; and thins it woiild 
appear to be coming from the north-east and going toward 
the south-west — in other words, it AV'ould bo a north-i'ast 
wind. . . . Setting off from the polar regions, tliis jiartielo of 
air, for some reason which does not appear to have bi’cn .satis- 
factorily explained by philosophers, instead of travelling on 
the surface all the way from the pole to the oijuator, travels 
in the upper regions of the atmosphere until it gets near the 
parallel of 30® nortli. Here it meets also, in tlie clouds, the 
liypothetical particle that is coming frem tho south and going 
north to take its place. Aliout this parallel of 30’ north, 
then, these particles press against each other with the whole, 
amount of their motive power, and produce a calm and an 
accumulation of atmosphere ; this accumulation is sufficient 
to lialanpe the pressure of the two winds from the north and 
south.” 

325. How Particles of Air are supposed to circulate frtnn 
Pole to Pole . — “ Following our imaginary particle of air from 
the north across this calm-belt of Cancer, Ave now feci it 
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moving on the surfncc of the earth aa the north-east trade- 
wind ; and as such it continues till it arrives near the equator, 
where it meets a like hypothetical particle, whicli, starting 
from the south at the same time the other started from the 
north pole, has blown as the south-east trade-wind. Here, 
at this c(piatorial place of meeting, there is another conflict of 
winds and another calm region ; for a north-east and south- 
ciist wind cannot blow at the same time in the same place. 
The two particles have been put in motion by the same 
power, they meet with equal force, and therefore, at their 
place of meeting, are stopped in their course. Here, there- 
fore, there is a calm-belt. Warmed now by the heat of the 
sun, and pressed on each side by the whole force of the north- 
east and south-east trades, these tw'o hypothetical particles, 
taken as the type of the whole, cease to move onward, and 
ascend. This operation is the reverse of that which took 
])lace at the meeting near the parallel of 30°. This imaginary 
particle then, having a.scended to the upjier regions of the 
atmosphere again, travels there counter to the south-east 
tradi-s, until it meets, near the calm-belt of Capricorn, an- 
other i)arti(d(* from the south pole : here there is a descent 
as before ; it then flows on to the south pole sis a surfsice- 
iviiul from the north-west. Entering the pohir regions 
obliquely, it is pre.ssed upon by similar particles flowing in 
oblique currents acros.<» every meridian ; and here again is a 
calm place or no<le ; for, as our imaginary particle approaches 
the parallels near the jiolar calms more and nioiv obliquely, 
it, with all the rest, is whirled about the pole in a continued 
circular gale. Finally, reaching the A'ortex or the calm place, 
it is carried iipwanl to the regions of the atmosphere above, 
whence it commencc.s again its circuit to the north as an 
upper current, as far as the calm-belt of Capricorn : here it 
encounters its fellow from the north; they stop, desce&d, and 
flow out as surface-currents, the 6ne w'ith Avhioh the imagi- 
nation is travelling to the equatorial calm, as the south-east 
trade-wind ; here it ascends, travelling thence to the calm- 
belt of Cancer, os an upper current counter to the north-east 



336 


ORIGIN OF TOE SEASONS. 


trades. Hero it ceases to be an upper current, but, descend- 
ing, travels on with the south-west passage wintls toward the 
pole." 

•326. Principle of Maury's Theory inconsistent with At- 
mospheric Phenomena . — Our first impression of this ingeni- 
ous hypothesis is its intricacy. In nautical plirascology these 
imaginary particles of air, in pursuing their course from i)olc 
to pole, have found it a very intricate piece of navigation; 
and it has been only by the shilfulness of their pilot that they 
have reached their destination in safety. Seriously, however, 
even the talented propoundcr of this hypothesis will admit 
that it is a complex theory, and one where the imagination 
has more to do than perception in following the line of ar- 
gument In some respects it is inconsistent with Captain 
Maury’s views regarding the laws of other physical pheno- 
mena. For instance, there is no blending of the atmosphere, 
as he says of the sea, so that it also should bo everywliere 
mingled, or, as it were, “ shaken up in a bottle." Ap])arently 
the particles of air retain their particular current, and cross 
each other at the calm -belts, as if they were of distinct con- 
stituent parts — the one like oil, the other like water, so that 
they crossed each other without combination. This we con- 
sider a point that requires more conclusive arguments than 
those given to support it. It is just possible that a small 
percentage of the gl-eat aerial currents north and south of the 
equator may slip through^ as it were, from one side of the 
calm-belt to the other ; but that the immense body of air in 
each system of winds maintains a kind of cross-firing in the 
upper regions of the equatorial calm-zone, is too much to en- 
tertain for a scientific hypothesis. Moreover, according to 
this theory, the atmospheric currents produced by the law of 
gravitation and the rotation of the earth on its axis would 
appear^to be subsidiary to some polar influence, gratuitously 
supposed to give momentum to the particles of air forming 
this imaginary system of currents, — ^which is contrary to 
experience, and even data furnished elsewhere by Maury 
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327. Mmmj's Arffumenta why fhn Air munt he the same 

in the North and South Hemispheres . — Evidently Captain 
Maury vriifi not satisfie<l with his lirst sketch of this novel 
hypotluisis, for lie discusses the question more practically in 
an additional chapter to the lattjr edition of his work on the 
‘ Pliysical Geography of the Sea.' Without entering further 
into those fresli arguments than as they are contained in the 
first paragniph, we shall examine the question from a point 
of vie\^ dilfering entirely from that adopted by him, yet 
shadowed forth in the following quotation : — “ There seem 
to 1)0 reasons for supposing that the air which enters the calm- 
l)elts from the north flows out toward the south, and vice 
versa ; conse(piently, it was held that the construction of the 
atmospherical machinery is such as to require a crossing air 
in those calm-belts. . . , The identity of atmospherical 
constituents in all parts of the earth, notwithstanding the 
unequal distribution over its surface, both as to place, num- 
bers, and kind of the agents which corrupt and of those which 
purify the air, — this identity of constituents seemed to favour 
tlie idea of a general and regular intermingling — nay, the 
principles of adjustment which obtain in that exquisite sys- 
tem of compensations which is displayed in the workings of 
the physical machinery of our planet seem to call for such 
regular and active intermingling of the fluid covering, both 
aerial and aqueous, of the earth, as would keep each element 
pure and make it homogeneous. Were it not so, we know of 
physical agents which, in process of time, would make both 
tlu^ air and the Avater of the two hemisj>heres quite diflerent 
those of the one from those of the other. Consequently, if 
the atinosplierc of one hemisphere were to become diflerent 
from that of the other, the air of the north would not be 
suited to the flora and fauna of the southern hemisphere, and 
conversely.” • 

328. Theory of a disparity in the Constituents of the Air 
in the Tropical Zones. — Now, in adopting this first postulate 
as datum for his hypothesis, Maury has assumed as a foregone 
conclusion that the constituents of pure air — nitrogen, oxygen, 

Y 
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and carbonic acid gaa-— arc in CHjual pro}H>riioniii thrt>ughout 
the entire atmosphere and over every part of the earth. To 
this we take exception, inasnuieh as the atmosphere has not 
been chemically amUysed in regions remote from Eurt^pe to 
determine this point ; and, as far as our rosean hes hav<? 
gone, we c^annot find a scicntitic analysis of lliejituiospherv- 
in the south hemisphere, such analyst's bring all confimd 
to regions n«»rth of the etjuator. Mi»reover, iii supp'*it of 
this conclusion, he infers that tho fauna and #f hnih 
hemisjdieres live under the Siuue atmospheric ctuuliiioU", 
otherwise the air of the <uie would not suit the uniinals and 
plants <»f the tither if trausporttnl thither. This last di diK 
til'll does not follow ; for tlu* air <*f luie lieinisplien* might im 
prove the phvsiial rondilion of tin* fauna and lloni of an 
other ; as, for exaiujde, weiv tlu se tnm>jiorted fr«un I he north 
temperate regions to corresponding parallel^ in south latit\uh\ 
Oil these points we shall ]»roduce data from seientilie sourc«*s 
and faiNoiial observation in the south hemi.-i»her<\ tending 
to prove tljat “the identity of atini>8pheri('al eonstituenls in 
all [»arts of the i‘arlU *’ is not absolute, aus Maury and meteor 
ologists geie-rally leaal ais to l>4-licve ; and tliait there is 4 vi- 
deiice to shf»w that tin* c<»ii>(itin*nts of the south ju'rial lu*ini 
sphercMb) not univei'sally eoinmingle witli those (»f the imrth. 

329. Monrfjs Wnnnrhs on propoundnoj a nrw Ily/Htilo/ifs. 
— In venturing to submit these jaTSiuml obsiTVations aind 
other 4lata in support of a theory i^j^poseil lr» th4*. ojunion of 
the world in gem*ral, ami emh»rsed by higli aiitli4iritie.s 4ui 
the question, such as (Japtaiu ilanry, it is with no dogmaiiic 
intention tliat we bring them fonvanl. On the cvmlniry, it is 
with a sincere dtfsiro to add, if possible, to tin? sum of liuman 
knowledge in the graml study rif physical geograjahy — M'ith 
a view to improve the physical juid monil condition of inain- 
kind-..-tliat we sulunit to abler minds the. r<‘.sult (»f our obser- 
vations on the atmosphere in the most remote regions f»f the 
earth during a long course of exfierienco on lam I and sea. 
It is just i>os8ible tliat, among the data to be furnishcMl in 
support of OUT views, some missing link in the chain of 
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eviilenccD may be found to complete even the exieting theory 
aa propouiidf^I by Maury. In that caee we shall be satisfied 
with the rr^sult in the propagation of scientific discovery, 
although different from our preconceived opinions, if, the 
new data given support a truthful hyf>othe8is. • It is in this 
spirit that Maury cr)nduct(5d his lalxmrs while compiling bis 
admirable work on the ‘ Physical Geography of the Sea/ 
wherein he exprf*.ft8eH hinirndf in the following manner upon 
this jMiint : — “Whenever, in the course of my investigations 
ttiiK^hing tluj physics cif sea and air, new facts have lieen 
t liciled, I have, if they ajipeared consistent enough to he 
suggestive, never hesitated to follow them uji with sugges- 
tions, esjieciiilly if liypothesis 4s<‘emed to ts* called* for. The 
principle hy which I have sought to l>e governed is this : 
fairly to weigh tlie facts under ilisciission, and then offer in 
1 ‘xplanation that hypotlicfsis which would appan-ntly lK*st 
reconcile them. In c<ise I ccaild md ns-oncile all by any 
one supp<isilioii, tlie pixdVrenee has lM»en given to that hypo- 
thesis which wtaild reconcile tlie greatest numlHT. Then, as 
adilitional facts W4-re developed, tlie }iy[K>t}iesis was, if nec es- 
sary, discanled or amcMided, as the. new lights seemed to 
rcMjuire. As an investigator in the jiarticuilar field to which 
much of my lalH)ur is directed, 1 do not consider that I 
slujuld contcuit myself by merely stating observations and 
facts. It is the husim*ss of the investigator h> let those who 
labour witli him liave the lH*nc*fits of his thoughts and con- 
c lusioiis, as Avell as a fair stateimuit of his facts. Siieh 
tht>ughts, tliough they he fouiideil in misappnduMision. nmdy 
fail to help the course of progn'ss and trutli ; for. though 
wrong in tliemselves, they impart intends! to the subject, set 
olliiTs to thinking, and often suggest wliat is right. More- 
over, by such a course discussion is eucouragiMl; and scientific 
tliscussion, when philosojdneally directed and property con- 
ducted, is always pnditahle.’’ 

330. Our ofcn Virtrs oh the importtwee of etwlying the 
Phenomena if the Air . — To the general reader these minute 
investigations into the constituent elements and circulation 
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of the atmosphert) may appear .superiluoiis, as is 

alreaily kiu>\vu for all the u>e> t»f maukiml. \Vi* wooM 

remark to sueh persons that. irri>pe4iive of its hij^h ^ 
tifio ivsiilts, iu*thint; can l*e of ‘^water advantage to the eom- 
munity generally than a tnn* kno\vlf»ogf i>l ihal luetliuin on 
which not only the health hut the life i*f evt rv human being 
ilepeiuls. Ii fnipit iilly liappens in our e\perienci‘s of ainl 

reseuivlies into the physieal worhh that tho.so ohjoets ami 

phenomena most familiar tt^ oiir stoises an* the lea>t umler- 
stood. and we are ht tt* r aninainte^l A\iih tin* natuiv of thoM* 
at a ilistance. This arises, in a givat nn*aMin*, from tin* 
}>opular iU‘tion that things arouinl us afi* common and uinhT 
stood hy iA-rrYlM>dy ; while things at a tli.stanei* are new to 
us, ami recpiirv to Ive inve>tigaled on aecmint of their m»v<*lly. 
8ueh is the gein*ral impivsshm abroad on tin* ]dienonn*iia «>f 
the atmospln re ; and persons of ordinary intelligeina* would 
feel ihemscdves olfended if they wert* askf**! what Wiis its eom- 
I^ositiou, and how it alhs-ted their ( onstitution. Yet thest* 
ar»* points lliat remain undet4‘rmiinMl evi*n at the j»resent day, 
in an era when scioiitilio investigation has heeoiiie iun* of the 
most advanced studies in our univ4*rsities ; and it is to 1 h* 
liopetl that ere long in the humblest hcIkk;! a 1)etter kinjw- 
ledge of the air we breathe will Ixi taught to the poorest 
scholar. 

331. I)v fh/frotv'rs fhut Ah ' /s a nmipfuimf hothj, 

— A century has not elap.se<l since J)r Priestley (1774), a 
fiimous Kiiglish chemical analyst, first <h*riion.strated that air 
wjw a compound body, and not the simple element wliich 
the ancients thought it to be, ainl from which, in their 
opinion, all things originated. He was the discoverer of 
oxygen gas, and showed it to be a constituent of air. “ He. 
determined several of its most reniarkalile properties, and 
called it dephlorjidicatcd air, from a notion that it wiis air 
deprived of phlorjiston, When azof/c gas, the other c;on- 
stituent of. air, was discovered soon aft<jr, the dilfcnmco 
between its properties and those; of oxygen gas could nc;t fail 
to strike the most careless observ'er. llodics bum more 
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raiiiclly, with nuicli f^reutor Hiilenclour, and with the evolution 
of inueh j^reatcr heat, in oxygen gjiK than they do in (x>mmon 
air ; while in azotic gaa th(*y i uniiot lie made to hum at all« 
Animals hn^athc* oxygen gjts without inconvenience, and they 
livf lunch longer wlimi conliiKul in a given bulk of it, tlian 
wlji'ii in tlie same volume of comm<m air; hut in azotic ga« 
animals cannot livi; at all. ^Vheii plunged into it they die 
of snifuration, precisely us tlnry would do if plunge*! into 
wat**r."* 

.'h’l'J. Mr Cni'nuVfih (himninrii th*: prtqttyrflons of 
mui Arjitf ‘, — Aluiut tin* Sam** time a Swedish meant named 
Sch. i li* ma*U* a similar «liscovery that the air consisted of 
tw«» elementary ga^^es, withonl having any knowli*tlge of 
what ha«l Ium-h tlnm* in Ihitain ; ainl he further iletenniiUHl 
their n*laliv<* propMrli*ins - a>-*igning. in lOO parts of air, 27' 
voluines (»f r)xygi*n gas ainl 7.H af az^te, f»r, as it Is now 
ternn d, iiilrngen ga.s, fnun iM-iiig the nnli*'al t*f nitric aci<l. 
In Fram e, ]^av*»isi**r the great chemist drew the Kime c«>n- 
* lusiniis as SclKMde, uitlnait knowing wliat had lK.'en tlone 
by hi^ Swedi.sh cont**inp<irary. l>**th, h*>wever. were in 
**rror, and it was reserv(»d Ibr Mr ( avemlish *»f L(»ndou to 
(letermim* un»re exactly tin* v<tluine of each ccmsiitueiit. *‘It 
was in 17^^2 that Mr (\ivendish, by a car»*ful analysis of the 
air in the m‘ighlHiurln»od c»f L*)inlon, repeated fivqiiently, and 
mntinueil for a wlnde yi*ar, determine*! that the v*dimie of 
ox\g<‘n gas in 100 volnnms of atmospherical air is 20.82, ami 
*)f nitrogen 70.18.’’ A spirited <liscussi<»n aimmgst the most 
eminent .scientilic men in Kunij>e followed, upon the gaseous 
eh'iaents of the air, among whom weiv Dr Iiigenhousz of 
Vienna and otliers, who mlvaiH ed tlie pn^position “ that air 
ilitfers in tin* i»n»portion of oxygen gas >vhich it contains in 
dilhTcnt [Kirts of the earth, ami that the salubrity of different 
places is connected with this difference.” ‘‘The exp^riments 
id’ .Mr Cavendish w**ix* published in the ‘ riiilosophical Trans- 
aeli«>ns’ for 1783; hut they eontinued for many years un- 
attemled to. The determination of Sclieele and Lavoisier 
• Art. Atinospbore/’ ^EiicyclojmHlia Britaniuca,’ 
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was universally adopteil ; and the notiiui of Dr IngenhousA 
that the projwrtious Ik'Iwiou the oxygen ami the vary 
in dilferent places, was adopted.”* This opinion, however, 
was subsequently disonnleil t»ii linding the proportions i»l 
oxygen within a fwetion the s:inie everywhen\ whether 
the air was taken fnuii a s;dnbri*>us or unhealthy huvility. 
Had these analytical rxp* riinfuts Ummi carried into lie* 
south heinispheiv, p^»bably this notion <*1 the \ iennt‘<»’ 
doctor wouM have been found to he correct on a inon* 
extendi‘d scale, though not in liiniteil an*as, »»r iiinh-r local 
iiiriiiences. 

.’i33. !»jn Ch* mists rnnjinti ntHsFs 
This question of relative Yohnue nunained un*letennini‘tl until 
when herthollel announced that he had tVquently 
analysed tin* air in Kgypt hy absorbing its oxygt‘n by means 
of a stiek of phospliorus, aial that he always found it a com- 
ptuiiid of 79 volumes azote and 21 volumes oxygcui. . . . 
Duvv, about tlic saine time, anm»um*ed that he had tried air 
from tile <;oast of Africa, from (Nmiwall, and from the neigh- 
bourhfMMl of Ilristol, and lia«l uniformly fonml it eomj>f>sed of 
79 volumes of azotic gas and 21 volumes of oxygtui gas. It 
was so(»n after analyse*! in F><linbuigh, in North America, and 
in France with tin* very same results. Clay-Lussaf: aiel 
Humboldt mivhi a set of careful exjM*riments ti> determine tin*, 
exact proportions of the two constituents, and confirnn*d the 
ratio of 21 volumes of oxygen gas ainl 79 volumes of azotic 
gas. This ratio has been generally adojdeil by c.hemists.” 

334. Carhonic Aod Gm discoKfiresl as an Elnntmt in thr 
Air , — “ Ikj.sides oxygen and azotic gases, air likc'wdse contains 
a little, carbonic acid gas. Who first made tliat remark Ave 
do not know ; but it wfw an almost inevitable inference, as 
soon as the cause of the difference betw'cen caustic and inihl 
alkali became known. Chemists at first stated the volume of 
carbonic acid gas in the atmosphere at 1 per cent, but this 
determination was not founded on any accurate experiment. 
Mr Dalton found the quantity much smaller than had been 
* Art. ** Atmosphere/* ' Encyclopaedia Britannica.' 
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stated by preceding experimentalUte. . . . But by for tiie 
luoet complete iwt of ex{)erinients on the volume of carbonic 
:i<ail g!iH in the atmoapbere waa mad4 by M. Sauasure. . . . 
'J’he cxpcriinentH were (x>ntinued for two years. Sometimes 
(indeed most commonly) the air examined was <K>llecte<l at 
( 'hiimlsnsy, a mcmiow aliout tliree-fourths of a league from 
< o‘n<‘Vn, ch^vated ulioiit 52^ feet alx>ve the lake, and distant 
ii'om it 820 feet. 'I'lie mean quantity of carlsmic acid gas found 
in 10,000 voliiinos of air, deduc<-d from 104 observations made 
during Inith <lay and night, was 415 volumes. Tlie greatest 
i]Uantitv Wiis .574 volumes, and the smallest 313. ... If 
Wf admit the mean volume of curlsmiu acid g:i.s in air to be 
0.00041.5, then the true component parte of lOO volum«j8 of 
air will las * 

A/otio pas, TP-WC-S i 

0.xyp.-n pas 19.t>917 1 100” 

Carljotiic acul gas O.OllS J 

33.5. No Anahjitiiin/ the Air made in the S»uth Heniiitj/here. 
— In estimating the value of this (leterminate analysis of the 
atmo.s]>herical constituente, it will be ul).st*rve<l that all the 
chemical experiments relate to the air in the north hemi- 
sphere, and that they are chiefly conflned to that in Europe. 
It i.s true that some were conducteil in Egypt, the African 
.short's of the Metliterninean, and the east coast of JJ^orth 
America, but wo tUi not learn of any having been made in 
the far ICiist — in China, for example, where it is just po.ssible 
that sonu? variation might be ft>und. In like manner no 
carefully-conducteil chemical analysis of the atmosphere hirs 
been motlu in the south hemisjdicre, os far ns wc know. 
At this we need not be surprised, as the regions south of 
the etpiator occupicil by European nations at the time these 
atmo.s])hericAl investigations were going on, had not mside 
suflicient progress in civilisation to invite learned sarans from 
their laborateries at home, for an unsafe residence among 
anarchical communities in the settlements pf South America 
• Art. “ Atmosplicre,” ‘ Encyclopicdia Britannioa.' 
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and South Africa^ or those of felons in Australia, and 8avaj{oa 
in JTew Zc^ilaiid, Iiulee<h it may 1»o «iid that it is only 
within the last soventiH'h years or so that the scientifir world, 
aided by the English and f denial gi>verninenls, and in a 
small degree by s*>uie ^ th<a* llurojuan governimaits, has Ix^gun 
to investigate inort' j»u r- nlirlvtlie physieal phenoniioin ot 
the south heinisjditTt*, in i«»n''«'V|Ueni‘i‘ of the v.iliiable gold 
disoowries made in the British {M»NSt ;v^i<*ns of Australia ami 
Xew Zealand. 

3o0. jSe/* //f/rfe ( rrf n( th* ('*1/^^ nn*J. in rtliiftltifUtt 
Annhfsis ./the Au'.' Thr lodx ih*-innes that 
• »eeur to u.s of seiontific investigations bidng «“4>niliuled f>n 
laud in the south hemisphere that might have le*! u* a ean*- 
fill analysis of the air, juvvious to the era in nuestion, were 
at the Cap»‘ of (‘mud Hope ami in the Inland of 'ra*-!iia!iia. 
At the former eolouy Sir ‘bdiu ll(‘rs(‘hel had established an 
4»bservatory fur astromanieal purpos(‘s, in eonnecliou with 
(rivemvieh observatory — not only to makt‘ obstu’vations 4»n 
llie constellations of tlie south etdestial beinisphen*, l>ut to 
j>rolit by tile remarkable jmrity aial ch-arm ss of tin* atmo- 
sphere there, in o])serving tin* nebulie, the galaxy, and otln r 
cosmicid jdienomeiia. It ^loes not a|»]>ear that this «‘inineiit 
astronomer availe«l himself, during a residence t»f many years 
at tln^ (’ai»e, of tlie opportunity of analysing the lirilliant 
atmosphere around Jiim, Evnlently he nested sati'^lie<l ^ith 
the analyses in northern regions, and roidiiied liis <ibserva- 
tions to the sj>e*cial astrononiieal mission ujion wliieli lie was 
sent. In like inanmT an observab»ry was (‘stablishecl for 
some yeai*s at Hobart 'IVovn, Tasmania, by the (Joverniin nt 
Hydrogrjiphic I)e}iailin»*nt, to a.seertaiii tlie iiaiuro and din*c- 
tion or ehfctric currents, and the force and dumtion of mag- 
netic stoniis in that locality, as indicative of tlie magnetic 
forces g^merally in the south lieinisphcre. Hut the commis- 
sion appointed to carry out these investigations, although 
registering tliermometrical and barometrical observations, to- 
getlier with other;, atmospherical jdienomena, paid no seiiuitific 
attention to the chemical analysis of the air, ])eing content, 
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apparontly, with iliat ascertained in the north as applicable 
to the south hemisphere. 

337. Numerutu ( in AuMfralia, hui no Amtlysu 
of tfm Ait , — Since the K'd‘1 •Itscoveries in Australia, Mlwerva- 
tnrii H have Imh ii in the prinrijiAl oC c^h 

rol»»ny that will coiiifiari^ with the wiialh-r c-smtohlMhiwote 
th*' kin«l ill Kunijw' fnr the iiit Un*cl in which the 
arc N»»t only in thw the at in 

th»* rulftny of Virii.ria, hut “ f«tr many y<‘uini the nJonwl 
p*\t rnmciii li:u< iiuiiiit linetl a HV-'^t^ rii of nn/teorohij'iVal fela- 
lion- in variou.s jiart.-' of thi* colony, of wliirli tin* -Mcll#ounie 
ohservatory ft»rinH a centn? ; and n';,rular oh-'^^ rvaliMim of tcin- 
Icralurt*, urcs-uiv tif air, huiiiitlity, r.nlialion, rain. Arc., have 
hocn ol»iain«Ml for lon;r,.r slnirter interval.^ al * acli. Then* 
slafions arc tli.-lrilMitctl >0 that n**arly all thVlrict- j>t»sscK<in^ 
any rliinati<' iici-uliarily arc ri |ircM*nl4*»l, with tin* exccjilion, 
jicrliaiis, of tlic hi;'lnT ultilinh'S in tin* mountainHii^itrict^s, 
and the arid jdains in the iiortli-wot.'* Resides thc.se facil- 
ities for ohsorvino atiin»sjdicrical j»hcnojncna — as emnnemted 
in the report t»f the local p>vi*rnim*nt a>tront»incr — Victoria 
was fixed on hy the late Kin^ of Havaria as a rc^non for 
.M*iciitilir iiniuiry in the .s<mth licinisplicn*. At‘ror»lin|,:ly he 
coniini.NsioinMl a learned mnutf, named Pn^fessor X<*umeycr. 
to prot ced to Mclhournc with a complete set of the im^-t 
improved ma; 4 m*ti<’, ineteorulo^ical, and astronomical instru- 
im'iits, in onler to make a series of ohservations on mafxnetic 
ami atmospheric pheimiuena. On his arrival the local j:ov- 
eriiment allowed him the Uac of a public buildiiii; on an 
eli^^ihle site, and tin* legislatim' of the colony very liberally 
voted an annual allowance to>vards the maintenance of tlie 
(*stablishinent tluring his stay. Altlmugh this learned pro- 
fessor apjdied himself diligently to his task for thive years, 
during wliicli he added materially to our knowledge of 
Austriilian meteorology, yet in all his rejiorfs no reference is 
made to the eonstituents of the atmosphen* in that region. 
11i(* same may he said of the annual reports from the observa- 
tories in the other soutlieni colonies. However minute the 
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tables issued by their eondiutors may bo iu n^Kisteriiiji the 
monthly and annual temperatun*, humiiUty, pnvHsuiv of air* 
rainfalls winds and clouds, no ndi'ieiife whatever is maile t«* 
the j:^reater or less pix)portion i»f nitrogen, oxygen, and carbon 
ill the atmosphen*, 

338. ht m/iAv tfo 

— AlthiUigh iu»t to 1k' placed in the same t‘ab'gi»rv 

wi:h land observations, yet, notwilhstamling the numerous 
surveying expt'ditions in the south heiuisphen^ aeeompanie«l 
by men i»f science, and the many times the southern waters 
of the glohe have been eivcumnavigated, no allu.sion has ever 
be**n niaile, as far as we know, to the gaseous clenn nts of tin* 
air tlu*st* sliips have ]>assed through in tlie seientific ohserva- 
tn»ns taken during their voyages. Fnan all these, and otlnu* 
examples that might bt* (died, it would appear that scientilie 
men, us well as the wmld at large, are satislu^d with tin? 
investigations and results of the analysts at the close of tin* 
past and the coiniin-nceinent of the j»reseut century — that the 
air is univci’sally tin*, sann* iu its elementary (‘imstituents, 
from its circulati<ni intermingling all its atoms in a 8t*ri(*s 
of w'inds or currents, si* that in every meridian and parallel 
from pole to pole it b^rms (Uie va.st aerial splicn? of cliemical 
unity c'aisi^ting of iiitr(»gen gas, 79.9608 parts ; oxygen gas, 
19.9917 parts ; and carhunic acid gas, 0,0415 parts. 

339. Ifuiniry os to nftjufirtt iJata s/toicintj dlfiptirifij of 
Af r!fd (^nyittiituputs . — We .^liall now proceed to iinpiire what 
data, if any, exist to .show that thes(? proportions may he 
different in tlie soutli from the north aerial lieanisplien*. At 
the outset it must he pnanised that we do not intend to pro- 
duce jiitniiive data towards supporting sucli a hypotliesis ; for 
if w(; had counter-chemical analyses to those already quoted, 
the matter would simply rest upon the authenticity of the 
expeririNjnts and the competency of tlie expitrimeiitalists. 
Having no evidence of tin’s kind to produce as direct proof of 
a disparity in the two hemisplicrical divisions of the atmo- 
sphere, we may witli logical propriety have recourse to netja- 
live data iu elucidation of the theory. This is no new or 



vrwik iikhI*- «>f invtwtiK'tttion. »n«ny 

in Ih- w..rl.! hnv- Ih« ii n.a^lo thn.««h ofm mitft tb^ 

i llrrU of an iiiikn<»wji rau>M% whirh 

to rxi.st npori fitthniaritiai ffnai/nK It jftiaf 
tluTi*fnn-, tliat how<!V«T appan^ntlv may fn- thf* 

ar^uiiiiMtts un»l wi* briiif' f«»rwanl in hupjKirt of 

theory, they may lead Home coinpet<*iit exj^erinjeiiUilint to 
analyse ilie air in the south hemisphen* ; and tJie n*«ult of 
liis experinn nts may ]»rf»ve the correetness of our views. 



C II A TIE U XVI. 

PIFFEnKXCK HKTWKEX THE VECKTATIOX i>E THE XultTH 
AXD SCUTH HEMIsrHEHES. 


Diiuiiuitinn of oarluaiio arid tra**' in ihr iit-rlli aorial ]uMni^]»]»rrf*, g 
Tlu- air hiu'lily ihai^rvl ti.c lariuuiif rlrinnil iluniij^ tia* rarluni- 

era. oil.- I'arlMUi rxlia'tnl fnau thr air l*unr«l in lh»* <i'al- 
31*2.-- Nuinrrt'U^ s]nM > nf fossil ti-riw in tin* rarlmiuferons 
tonna’iMU, tUd. ('arlHinif<*i mis fossil tivt .s dil!*'ivnt from oxistinj/ forrst- 
trto in Europe, I’»44. — Tie<*^ ami .sbrul*" of New Zealand anali'p'U** ti> 
the i-xlinet lloiu t'l (irtal liritain, — (oiinal aspn-t iif New Zr.ilaml 

forest SLvnery ami \eiretalioii, .‘lid. - IN-mliar Mirl'are roiit'i of tin* tree*^ in 
New Zealand, ;517. — K.vtraonlinary roots and trunk of tlie Itata tiee. 
o4S.-“ New Zealand trees denw all their earhon from the atmosphere, 
d49. — Ve'Jetali<»n New Zealand tjpiial of the earhiuiileious llora of 

Eiiroja', oijn. - Ma^mitieem e of ilie iiee-fern forests of New Zeahiml, Ik'il. 

Arhon-seent ferns deri\e ilieir slrenirth from air ami iin»istnre, — 
(ireator volume of the earlnuiie eonslituenl in the .soiitli aerial In-mi- 
.spheie, ‘.hlo. Tiopieal ili\i>ii»n id Australia, and its humidity, ’I5r>4. — 
Aiidity of the lem]*orate re^^ioiis «)f Australia. IkVi.- -An Australian 
siroeeo hhiws duriim summer in Vieloria, f'iad. - A hot wind at Mellxnirne 
deserioed, 3.57. Forests and jiastuivs on fire during the hot wind.s in 
Victoria, — Oj»en and iminotomms asiKJct of the forest* see nery iti 

Australia, 351#. — Australian gum-trees the Iiigliest trees in the world, 
3dO.— I>r Mueller’s aer<iuiit of the Amstraliaii jungle, U#!!.- Kapidily of 
growth in Australian gum-trees and acaeias, Sd2.- Evi»lenee.s of a large 
volnine of the carhoiiic eoiistituent in llie atmosjdiere of Australia, 3d3. 
— Evergreen charaeteristics of all the vegetation in the south hemLs]ihere, 
304. 


340. Diminution of C<irt»uiir (hm in (hf* North An*tnl 
— Tlirniiglioiit tlie pri'^odinj^ .sections of tliis work 
tlie rcafU.T may liavf. oliH^rviul tliat the; lino of argu- 

ment adopted has heen from the h*ssf*r to the greater series 
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of facts ami postulates — soinetime.s from tlie infinitrisimal 
to tin? infinite. For example, in ImiMin;^ up our theory of 
tilt! t>riein of the seast)us, through infinite periotls of time 
ami the transc(‘mlent <»peration.s of nature on the e4irth, we 
approachi!d the .siiperstnieture <»f our arj^ument thr^ju^h tlie 
comparatively trifling an«l iiej^leeteil phenomenon oliserved 
hy astrommiers in tlie tliminutioii of the (d)lH|uity of the 
ecliptic. Ftillowine a similar line of investigation into the 
vast circumamhient niedium that enfoMs the world in its 
emhrace, ami emleavouring to unraved th«! history of the 
primeval atinospluTo, we sliall select the comi»aratively iii- 
tinilcsimal cnnstitueiit of <-arhon in its elementary form as a 
key to ojM-n this ttuiiple of hi«lden knowledge. Although a 
nn*re fraction of a fraction of an element in the grand atmo- 
spheric c<nnpound compared with its two great f(dl«»w-con- 
stitueiits, nitrogen and oxygen, th4*n' is almudant evidence 
to ju-ove that at one peritsl carhonic acid, gJis entered largely 
into th(? component parts of both the air ainl the sea — as the 
univemality <»f mineral carbonates fully testifies. Without 
referring im^re particularly to the weanic part of the question, 
wc shall (juotc again the illn.'^triiuis Humboblt’s opinion i>n 
this point in treating of the internal reaction of the earth on 
its surface iluring the upheaval of mountains ami mineral 
masse.s: — “The influence of this n*action of the interior on 
tlie exterior is not,” he thinks, “limiteibto inorganic nature 
alone. It is highly priibable that in an earlier world nn»n' 
powerful emanations of carbonic acid giis, blendetl with the 
atniosphiuv, must have incnsised the assimilation of carlvui 
in vc‘getablcs, jind that an inexhaustible sujqdy of combus- 
tible matter (lignites and earlnmiferous formations) must 
have been thus buried in the upper straUi ot the earth by 
thi3 revolutions atUmding the destruction of vivst tracts of 
forest.” Hence it ha.s been concluded, after taking into con- 
sideration the immense extmit of the earlMUiifennis and lig- 
nite formations which liave not returned tlndr elements into 
tin* atmosphere by eombusthui, that the volumo of carbonic 
acifl gas in the north aerial heinisjdiere now, is probably only 
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that the ahuiulanoo of vegohitum at that jM'rioil in Eumpo 
surpassed auythinj: tliat we know of iji the world at pn*- 
seiit, not excepting the dense forests aiul jungles of the 
topics. Xi»t iUily lias the preservative power of <arhon 
handed down the nunains i>f these fern-torests and eluh- 
nioss mai'slies, hut in the iinperislmhle inipivssicuis of their 
fromls in shale, limestone, and sandstiuie, hi^tanists havi* clas- 
sitied some two hundivd and fifty sjiecies of huiis ahuu* in 
the Hritish Isles, while in all Europe at the pn‘si‘nt day there 
are not more than fifty species. Moreover, as tin? fcNi tribe 
is peculiarly exempt fn»ni the di^cay prodma-d in most plants 
by immoi-siou in water, so do its membei*s llourish most 
luxuriantly in a humiil atmosphere and a rainy climate, 
especially in rocky situatioius, where the spray of watiufalls 
sprinkles their frcuids unceasingly, lienee it has lu*(*n <*on- 
cluded that heavy and constant rains must have, fallen on the 
nowly-upheaved lands at this epoch ; hut it dcK*s not follow 
that extreme* heat prevailed, for in tluKse regions at thc^ pre- 
sent day when? ferns attain their greatest luxuriance*, tlie 
temperature is modenite. 

344 . CifrhmtfrrnusFoftsil Trf^eiiffifffrrtif/nm erlf<tln*jFort^st- 
Treeh- !n Enrop *:. — The cpiestioii that suggests itself ln*re is, 
How far the vegetation that formcid the. coal-fields dc‘j)end«*d 
upon the atmosj»here for its supply of carbonic acid gas ] If 
we fire to suppose that the peat-hogs, dense forests, ami 
jungles of that period jireseiited an aspect similar to the 
bogs, woo<ls, and tliickets of Europe at the present day — 
where the trees send their tap-roots dc‘<^p into tins soil, with 
their numerous rootlets spread out underground, extracting 
their carbon from the earth and water, in which it mingles 
largcdy — we should conclude that only a small projsirtioii 
was ahsorlKjd from the air. But it must be* rememhered that 
the ground on which thciso primeval forests grew had not 
been long upheaved above the c^cean, and tlicrc; could he* little 
or no soil f«»rined on the bare volcanic rocks to convey 
nourishment or moisture through their roots. Moreover, 
the roots could not jxmetratc the hard rocks, so that they 
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must li.ivf Ijich sj)reail out on the surface ; and as thenMvere 
niaiiy tr(M*s nf ^ijruulic growth at that period, thefwi could not 
liavc tap-roots, Imt depended for their fixity on the ground ii|Kin 
their general sj»read over it. In tliat caw? the nw^ts would 
apju-oaeli in cliaracior those of a sea-weed, wdiich W’e have 
seen is a nn n* lioldfast or crampon. Then, Ixdng of a highly 
carhonifemus nature, they must have absorbed the eh*n\ent 
wliieli niMirislnul their woody fibre from the primeval atmos- 
phere, which h arned chemists and T>otiinisto infonn us, as we 
have seen, \ij)«»n exj»erimentiil data, must have beteu highly 
( harged willi car})onic acid geux 

.'Uo. Tr* t.< nud ShrnhA of New Zf^aland amdotjom io the 
rj-ff/nd Fhira if (Ircht Britain . — ^liut we may be told that 
tliesi* iliaraeteristies of the tr(*es and shrubs f(»nning tlic 
aiicii nt earb<iiiifercms fi»n'st8 of the Ilritish Isles, of which 
the coal -lieMs arc* the remains, are l>ecome iinaginaiy, as they 
art* not siipptntid l»y the pivvailiiig features of the trt^es aud 
slirubs in our living foi*ests. These evidently aljsorb but a 
very small pt»rtion of their carbon from the air, as their* leaves 
are not mlapted for that purpose, while the foliage is stnpjxd 
from tln ir branches during one half the year, with nothing 
expt)setl tt> the air hut hanl stcuns, which cannot so effectually 
pi*rf(»rm tlie oflice. of absorption. On the other hand, the 
roots of most European trees penetrate to a great deptli, 
spreading out in their riUnitications, almost equal in extent to 
tin* uj)j»er branches, and seddom npj)earing on the surface. 
We must not look, however, for evidence to support our 
views among existing forests in Euroi)e, but to those in 
remoti* parts of the world exhibiting a living vegetation ana- 
logous to th4) extinct flora of the carboniferous era. As a 
fic»ld for illustmting this remarkable phenomenon of the prim- 
eval atim)sphoro and its vegetation, no region is so interesting 
ami cluiracteristic. as the New Zealand group (»f islancfs, situ- 
ated nearly at the antipixles of the llritish Isles. In con- 
Rcvpiencc of that jiosition and their geogmphieal area, and 
being a dependency of this country coh>niscHi by the British, 
that colony has been appnipriately termed the ** Great Britain 

z 
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of the South.” The interest, therefore, attaelual to the 
botanicd aiul physical featun'S becomes still more api»ropri- 
ate, if we can see in them an existinj: type of our motlnT- 
country when it first ‘“art'se from out tlie a/un* main.” 
Having travelled through a givat part of the interior «d‘ iS'ew 
Zealand, we can vouch for the jweuliar chameter of its tloni, 
indicated in the foregoing remarks as resembling the extinct 
vegetation of the carbonifei*ou3 em in Kurope. And we shall 
endeavour to show that with the resemblance betw('en tlie 
existing flora of that south n'gion, and the extinct flora of 
its northern antipodes, there are also data foi conelutling 
that the air of the south hemisphere at pn-sent is jirobably 
as higldy charged with carlnmic acitl gas as that <'f tie* prim- 
eval atmosphere was in Euro})e. 

346. Of'tieral of N^tr Zt'uhtw! Foroxt Si'i ner// imd 

Vffjeiutiiiti. — 2sew Zealand forests, as a rule, arc remarkably 
well defined from the adjacent <»pen land.s, when* a tree or a 
clump of bushes is rarely seen rising fmm amongst the fern- 
brake which covers the ground in the absence of indigenous 
pasture. So clear is the line of deinan*ation, th.if at fiixt sight 
we supposed that it wa.s the work <tf the native inhabitants ; 
but on closer examination we could K(*e that it wa*: tin* handi- 
work of nature frtim some peculiarity of the nM*k on which 
the trees and shrubs grew feeing mon* favonmbh* to tbe growth 
of dense masse.s of vegetation than where it was ojieii, or. as 
in some places, nearly ltarn*ii. Ik* that as it may, our fiist 
observations on entering one of thc.se forests were tlie clrfinite 
boundary outside, with the contrast between tin* dingy fern- 
brake and the magnificence of the tr<*<‘a and nnderwiMid in- 
side. And as we penetrated its recesses we were eipially 
struck with the remarkable network of roots tliat eoven*<l 
the surface of the ground, rendering walking along (he 
native 'path very fatiguing, os we had to spring fiiun mot to 
rf>ot t/» avoid stepping into the pools of wat(*r (*v( ry wlu*r<* 
collected lietween them. Although it was not mining at the 
time, or had 'done so that day, yet the moisture that hung 
ufjon the foliage was so dense that it continu(*d dmjijiing 
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<lown, aTni<l thf- ]*r()fuun(l silonce of tin; forest, like the heavy 
drop-s of min lutfon*. a thuiHliT-showcr. It was a fine warn 
•lay, witJi the sunliglit sliiniiig tlirongh the maze of vegeta- 
tion, yet we soon got wet from the fulling moisture* ; at the 
same time it was not the steamy humidity of a trrjpical 
forest, lor tin* atmospheni M'as cle;»r enough to eec any dis- 
tance, wlieni th(! pro.Hpect Avas not intercepted hy the dense; 
foliage. .<\ltogether its geneml aspect was that of exceeding 
fre.shness, and even .sjiarkling, where the globules of moi.sture 
glittered like gems in the sunl^eams of a bright Sovr Zea- 
land <lay. 

IU7. IWulinr Siir/are-Jioots of the Tree^ in New Zealand. 
— Hesides the netwrfrk of roots incommoding the road, there 
were, so many elimbing-[ilants on each siile that it w.'js not 
an easy matter to diverge from the path without \i.sing a 
tomahawk to out through those in our way. Having done 
this, Avo reached a comparatively clear spot to sur\’ey the 
ctiani<*teristi<*a of a New Zealand forest. Everywhere that 
the gronml wa.s visible Iwtween the roots, its rocky character 
bei-ame apparent ; and at a precipitous part the trees seemed 
jierclo d on rocks, which their roots entwined like the claws 
of some gigantic binl, allieil to the extinct dinornin or tm>a 
of the Maories. The trees towcK*d up to a great height — 
many with their trunks free of branches for eighty or ninety 
feet, and from six to eight feet diameter at the Kase, aliove 
where the roots begin t<» brancli off upon the surface of the 
ground. It was curious to sec where the.se twisted arouml 
in all directions, the nwts of one tree intertwining with those 
of another, like groups of vegetable snakes, making up for 
the remarkabio absence of any such reptile on these islands. 
At one spot where a monarch of the forest had been bloAvn 
down by the wind, the disc of roots stooil up twenty feet 
high, leaving tho r«vk bare bel(*w, showing how liftle this 
giant tree depended upon the soil for nourishment, if indeed 
it reeeivetl any at all. The knotted roots of these large trees 
furnish highly-oniamental wooil, Avhieh eqimls in lAcanty the 
birtlWyo maide. t>n tho other hand, tho leaves are ever- 
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green and succulent, through wlui li tlie moisture ami gaseous 
elements aiv ahsorhed. For example, the llimu {Ihtcrydium 
cupresitutnon). This beautiful tree comes to its greatest per- 
fection in shaded woods. Its foliage is remarkably graceful 
aiul elegant. The leaves are only small ])rickles, running n|> 
a long stem, from which, towards the bramdi (»ut sev(Tal 
other steins, wliose united weight causes tin* main sti'iu to 
hang like the branches of the weeping willow, or a cluster of 
ostrich feathci-s ; and the beaxity is heightened by the liveli- 
ness of the colour with wliieh it is decorated, in comiiarison 
with the sombre hue of nu»st of the other evergrei os. 

348. Ej'irnordimtry Hoofs ami Tru)ik of fh*' lio1a-Tm\ - 
To enumerate tlie variety and chameteristics of the trees to 
be found in tlie tbrests of New Zealand is beyoml tlie limits 
of our subject: yet we may appropriatt‘ly point imt oie* or 
two species presenting the reiimrkabh* features of their vege- 
tation, Of thesis the rata (J/c/;v>s/Ve/*/ys /v»A//s/f/) is jMuliaps 
the most peculiar, iis representing a j»lant of enormous di- 
mensions, almost indepemhmt of nourishment from the soil, 
like gome orchidaceous epiphytes that subsist upon the gases 
and moisture of the air wdiile hanging from the bmnclies of 
trees. The characteristie. varietv of tliis tn*e grows at first as 
a parasite, creeping in numerous sU'ins, like ropes, up tin; 
trunks of the other forest -trees, gra«lually «-nclosing them 
till they perish, ami ihen nniting to form a nohle. tn-e taller 
than that which it h}» <les{roye<l, with an enormous trunk, 
but hollow within. Those trees sometimes attain a humlreil 
feet in height, with the Ixise of the hollow trunk eight or 
nine feet in diameter. I'o support this mass of timh(>i', the 
snake-like roots s]>read over the ground in a circular form, 
measuring sometimes a hundred and fifty feet in its (mter 
circumference. These are smooth and covered with Isirk, 
like the* trunk and branches, so tliat it is iinpos.«ihlo to say 
where the roots begin and the stem ends, 'i'he loaf and the 
flower resemble those of the myrtle, but the fl»)wer is of a 
deep-crimson colour, with yellow stamens. In Ilecomher 
and January' these giants of the forest give the hill -sides a 
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fairy -lik« aj)[M*arannj, from tho profu.sion of lx;autiful 
1)l<»ssoins. TIhj hniiuilu'S an* ^iiarlo^l like <>f tlic oak, 

and the trunk alno, from its formation, is a seri<\s of strange 
contortions, so lliat the wood, being also heavy, close grained, 
and very diirahh*, is most valuable to tlie shipbuilder for 
knees anti timbei’s of all shap«*s and sizes. 

Nrw Zrtflftnd Trvpii ilerioe all their Carbon from the 
Atmoaphcrr. — Here, tlien, we have a timber tree of massive 
wocmIv tissues, derived chiefly from carbonic at:id gas — at least 
its <-arbon basis is so derived ; and it rerpiires no pixifoiinil 
kmnvledgc* of botany or ehemistry to see, by the stnieture c»f 
tlie plant abov<* the surface <»f the gnuiiiil, that this all- 
important el(*nn*nt is extrjicte<l from tlie atmosphere. Yet 
it is maintained by eminent botiinists and exjKTimental 
chemists that all tlie carbon coniiiosing tin* woody fibre of 
]dants is di‘rive<l from the soil. The only question is how 
that is absorbed, as it is well knowm that charcoal, the crude 
state of this element, is not soluble in water, therefore it 
cannot enter tlie minute vessels for circulation in planta On 
tlie fither haml, M. Senebier, a learned vegetable physiologist, 
has endeavoured to prove that carbonic acid gas, dissolved in 
water, supplies tin* rivits of plants with almost all their car- 
bon. AYe incline to the latter theory, and bring forwanl the 
pt*euliar character (»f tlie surface-roots of trees in the New 
Zealand forests in its support. We have describeil how, on 
c*iit»*riiig thest* woods, we had to leap from root to root in 
order to avoid the little puddles of water collected between 
tliem. Now w’c. ciin erisily understand in a wet climatt', such 
as exists then% that these collections of rain-water rarely dry 
up, and are constantly extracting carlKUiic acid gas from the 
nir, wliicU the surface-roots are continually absorbing; so that 
water and moisture are the mediums through which tlie great 
mass of vegetation in New Zealand derives nourishinent fiom 
till! gaseous elements in the atmosphere. This arguiiient<, 
however, diH's not disprove the theory that tn'es with under- 
ground roots in the north hemisphere derive their carbonic 
aedd gas from the soil, where it is evolved from manures, and 
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combines with the rain or river Mater that j»eR’nlates through 
the grouml. 

350. Vefjetation of Xt^w Zvahiiul ftipirfil of Ctirhoui/eroufi 

Flora of FjUrope, — Altliough tlowei-s are fe>vuiul tar between 
ill these !Xew Zeulaiul forests, yet tlu*n* is reimirkabh* b(*aaty 
ill the scenery among the mulergrowtli of vegt^tation, j»nHhirr»l 
by th(‘ fronds of tlu‘ great variety ami abiindama* oi' terns, 
surpassing even tlie im«sl pietuivsipie foliage of «leei»luous 
shrubs and ikmers. If, as it has lu*en remarked by the 
emimmt bt*tani>ts already cpioied, we ha\i' in thest‘ far 
southern islamls a realisation of the fi»rests from wlieie e tlie 
eoal-lields Mare formed, tlien the forest •seiuiery of lie* eai 
bouiferuiis era mms not <leVoitl of ehgant fonn> aia! pleas- 
ing aspects. Some imaginative writer'-j on tlie geologieal 
hi>lurv of the earth have j»rt»dueed j‘ieturi*> of that eporli 
fioin the scanty remains exhunuMl fr«un its lu^ds. in 

which they ilepict very di>mal restt>ration> of its [ui^tine 
.scenery. To thesi* \\v take exception, as their eonelnsions 
are not borne out by tln^ analogous forr>t-seenery o{ N(*w 
Zealand, d’his, lioM'ever, they may (lissent from : Imt \\r 
an* of opinion that not only the extinct vegetatimi of the 
• arth ha.s its t*xisting types, l»ut al>o tlie animal cr»Mtion that 
thf'ii existed. In a jircvitms section of our w^«»rk we have 
instanced Austnilia as an example of that epoch wht*n 
animals Men? in a transition stale from reptiles to mammals, 
as sefui in tlie remarkable generative jw^wers of the [il.atypus 
and kangaroo. In like manner ^vo may instanee New Zea 
land as representing an epoch anterior to that in wliieli 
reptiles Were in their earliest stage — without a snake, on tin* 
one hand, ora mammal r>n the other. Yet, notwith.standing 
the j>aucity of animal life and floM'er.«, tlie* fore.^t-.seeiuu v of 
these i.slands is repleb" with the most elegant forms of jilants. 
What it lacks in brilliancy and variety of cohuir the New 
Z»‘aland forest make.s up in beauty of fonn — from the tiny 
mosses to the gigantic arlx^re.-icent fern.<^ that chiefly ^•o^|po^e 
its undergrowth of vegetation. 

351. Motjuijironcn of titr Tr*t Frrn Fon^ftls of Xrir Z>*o 
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land , — To n*.sum« tliu account of our first iniprossions on 
a Xcwr Zealand forest. We penetrate«l still further 
into its liiddt'ii recesses, attracteil by the sound of one of the 
small casradtfs wliich are very numerous throUf;5hout the 
ctiuntiy. It was forim^d hy a streamlet that leapt from rock 
to rock dnwn a small ravine, sending the spray to the right 
and left on its rajud course. Over these waters, on each 
siilc, rows of tree-ferns l)ent tlieir blackened stems, with their 
gra<ebd pinnate fronds hanging more elegantly than any 
|>alm-tree. S<»me froials were white underneath (Cyiith:a 
dfd/lnfht)^ otli(‘rs Were <lark and spotted with bundles of 
>pores itif'dnUnri<)y and some were bipinnate and pen- 
dant. frtuii seven to twelve feet long (Al<*tphila ejrcelsa). 
N(jiie w«‘re Ii‘ss than ten feet in heiglit, and many of them 
reared their curleil feallier like tops fnaii forty to sixty feet 
hiudi. It was a beautiful sight, and we could not but wonder 
how they attaiiuMl such a height and luxuriance among tin? 
rocks, wliere the lillh* soil that c* add eolleet about the 
wa^ liable to be wa>hed away by the h**avv rains or the 
swolhai stn am. It was ejLsily seen that they did not dq^ud 
upon llu^ e.irtli for their sustenance, while they had such a 
supply (»f gasiMius foud from the water and air. Their roots 
>er\cd tln*m merely as holdfasts to rtunain iii a locality where 
tile gaseous fix>d uiioii which they throve was fiaiml in 
greate>l abiindanee, and the generous. stre;im scattered its 
spray l»roadcast among their fronds. 

.l/ Z/o/vww/ Ferm derive their Slrcuyth jrvm Air and 
Mui.diire . — On juscending the rocks to Si‘e further into this 
beaulifid avenue of tree-ferns, we were still more enchanted with 
the s<*ene on *>bserving the smaller ferns that grew upon them 
and the roi ky banks of the stream. Here were creeping 
ferns covering the i^cks like ivy {Trichoniaws reniforme)\ 
climbing ferns entwining the trunks of the trees ^fynicno- 
phyllitm jlahelttifam); ferns hanging in festoons from tree to 
trci', likt‘ the vine planalions in Italy, the fertile fronds 
looking liki' small gnipes {Lyfjodinm artindatnm ) ; others of 
the most delicate tracery, like the down of sca-binls, only 
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green in hue {Tiktea jiielluculn)^ timl many othere of fanbiattc 
yet elegant forms. lJut what most impn«ss(Hl us was the 
tnuislueent naturi' of the fnmtls, which reseiuhliMl ilu* |HtI- 
lucul gn*eu of many sea-weinls, so that it re<juin*il wry little 
stretch of illumination to ally the two classes <*f plants Iti- 
gether. And wo euuM furihernu*^* iiiumin*' that, aniono the 
rtH'ky ilej*ths of the M*a, the given nh/ff t iu n wouM resenihle 
the translucent ferns in a NVw Zealaini f iv-*., 'ri;> view of 

crvptomainie ve4et^lt^•xl gt^oving in the se:L «*n tin* • liainl, 
and in llie air on the otln^r, may he witiesM-d on a Mnall 
s.-ilo in our gardens of natural hi-l»»ry. Ih ie ma\ Ik* a 
Wardian gliss ea>e e!u*lo>ing many of iho snull ju Hucn! 
r*feri>Ml to, and the no heantifni tnn lilo- iiio‘ ^ 

a link iM-tWiM ii th*‘ tu** faniili.*<, ll.*nri'^h- 
iiim witiiin a moi>i atmo>jiheri‘, whii h i- eont inually ^iippln d 
hy its own evajHantioii and eondeii:-alion. 'Iheiv n. may 
liud an a<iuariuiu, with pale-green seaNver.U (L^^'hiinn), nr 
irrid»‘<oont and fan shaped gnoving in fn sli 

water, exhibiting the close analogy bi*twe»‘n water and air 
plants, when tiny do not depend upon lln! f‘*r their 
sustenance, hut ahsojlj at evi*rv pore tlie water, earhonic a< id, 
hydrogen, and (Ulier elements that c«*n.stitule tin* pahulimi of 
tlieir existence. 

Ih'o'k Z^riVf/Ze/’ Vulnuti^ of the CfirhtJtu'r rousliiufnt in thn South 
A* rial Ilf'iniMphfow — From tho foregoing data wo naturally 
draw th(,‘ inference that the atmospliere in Ni-w Zealand is 
more highly charged with ciirlxmic aci<l gas than it is in t neat 
Uritain; and fnrthcnnore, taking the extent ami gei^grajdiical 
position of the two groups of isJaiid.s into consideration, tliey 
are fair representatives of tlie. condition of tlie atmosplieric 
constituents in cacli hemispliere, or, at all evi iits, within 
their temperate zones. Hence we fjxleml tlie deduction from 
these proynises, and infer that tliere is a greater volume of 
carbonic acid in the soutli than then; is in the north liemi- 
spherfi at the prefKjnt day ; while, in all probability, during 
the carlx)niferous cm in Europe they W'ltn; {>r(;cisc;ly ecpial, 
when the ferns of the coal-fomiation llourishcd even more 
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luxuriantly than their modem typea do in New Zealand. But 
it limy bo advanced, in opposition to this conclusion, that the 
foniHts we have descriWl as existing in that country derive 
tlieir jieculiar species of trees and shrubs, or, at all events, 
tlieir growing to such a magnitude, from the intensci humidity 
that i*re vails. In niply we might refer to analogous moist 
climate's in the ISritish Isles, such as may be found in the 
west Higlilands (»f Scotland, where rain falls Jis constantly 
and lieavily amongst the f<*rns and m(»ss<^s that grow there; 
hut they never reach the size and luxuriance their contein- 
jK»raries attain at the antipodes, neither do they appr<»aeh 
those of their extinct prototypes l)uried in the stratc'i bcmeatli 
wlu n* they grow. lJut we shall not ndy entirely upon that 
evidence. 'I'lien* are abundant data in other r(*gion.s of the 
south heiiiis[»Iirrc, [mssessing very tlifferejit edimatie ]»hen- 
<ine‘na <»r aii opposite* chaniider to humidity, where the 
Vegetation presents striking examples of being highly charged 
with curb* mi c gas. 

.d.14. Division of Amtralui^ o//*/ //s HumUlUtj , — 

Of iIk'so regi(»i;s, the “(Jreat South I^ind of Australia pre- 
sents the iimst remarkable ami interesting sj»ecimens of the 
Vegetable kingtlom — growing in an atmosphere ;is intensely 
dry as that of New Zealand is moist. Although not more 
than twelve hundretl miles disUiiit. no two regions on the 
globe couhl present greater contrasts of cbmate in this n"sj>oot, 
which imparls its intluenee to the vegetation and general asjn*ct 
of each couiilry. Wo have describeil the humidity of the one, 
and we shall refer \o the aridity of the other, or rather to 
tliat division of tlie great island -continent that lies in the 
same parallels of latitude; for in its tropical division, north of 
Cape Capricorn, a rainy season prevails, as in Imlia, when 
the forests are as humid as those in New Zealand. “ This 
season eommeiiees geuenilly about the end of t^ctoher, and 
coitses in the middle of March, during which the greatest 
amount (»f heat occurs with the highest degree of moisture, as 
expcuneuced in the Indies. Thi.s effect of its intertropical 
position distinguishes the climate of Queemslaiul from the 
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other divisions of Ivistorn Aii.^tralia as distiiu tly as its 
fi)iests (Antucitrin) mark tin* htumdary of vi\‘ri*talion. WIhmi 
the Si»uth-i*ast tiiulo-wimls oxteml their inlliUTiee diiriiii: the 
summer >ol''tii e bevinid the Tropic of t/aprictuu, they reaeh 
as high as -S south latitude, ami are no »loul»t the eauso of 
these j>eriiMlieaI mins. The preeur>*»r t»f this delugt* is gene- 
ri\\:v a thunder-storm, .‘.ueli us is seen oidy iM-lweeii the iro- 
piral zones, Masses oi <lense send ri^e up foau the l\iri!ie 
t )c ean t‘*wai\ls the interior, until they are eheeke.l by the 
soutlierly wind bhtwing owr the New Kngland ei>untr\. 'fbey 
tiieii bt-eoine pa«‘ked into a uniform liiass, .shrot.^din.," the Ihm 
v.-ns. A stilling sultiim ss .suee» t'ds. an.l ihe liolitning 
f -nh from the lund gloom, lla>h >ue(‘er ling ll.ish with tearful 
1 ipidit\ — m»vv forketl fitun the /euitli. anon likt* a rli.iin 
n and \«‘ige of tlie }ioii/<‘n -uliih* tlie t‘r.i‘'h of tliiimh r 
l**<.t•u^d.^ like a park t>f artillery. Tlie ilo^d of tb‘‘ bl.i* k 

riin^py aln^ve ale now «*pened, athl the lain ih -e. nds in toj- 
i‘ nts. \\ith a uoi^t* like tln^ j»alt«‘ring a ho-t ti ei. mnnUt 
tiiewir.ff eleineiiJs, Soon the narnov tril'Uta! (»l the ii\ei>. 
. 0 “ >w*.l!* ri, .>.une of them rising a*^ mm li lift v leei m twel\e 
lioij;., u}j, n ilir iMiik*' are fiVeiiloWfd an«l the sniionmiin,r 
pi lili" if** debej.'d.” ‘ 

.’io.l. /»/ f}i*' ttj . by.-7/ - 

i he-e j>eri»Mlieai mins are sm-iuM-ded Itv a dr\ "t^a.^on in ti»»pi 
< li Au-naJia, \vlii»lrli-ts tlip*ugh the omainder of tin* year, 
when little or no rain fall-'. ft is not, li.»\\eviT, in that re 
gi^*n Wo intend to jMj-int »ajt the of elimale with Neu 

Zealand, We shall .selei't the colony of Vn ioiia. lorniiiiL' the 
most Southern portion of the iiminland, a^. aifuding evideiiee 
of its arid atrm*??phore witliin the t4*niperate zom*. Kverv 
summer, in all that extent #,f e#»untrv. tiiere blows a liot dry 
wind witli sm h iDtomity that the grouml is parehetl up, and 
vegetable activity m^ems almost to Iw arre.sted among iinlige- 
nous plants, where no water or iiioistun; is found. And 
what i.-^ deserving of nolic#* is the circiiniwtanei* that, wliih* 
this ari.lity exi.-ts in the air at MellHUirno aliont latitude 3*S", 
* • Tl.«? <roliI of A<o.tr.»Iia,’ Samuel MoHnri an. 
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tlio jMTiotlirjil mins jim at their hei^'lit near JJrishane, in 28' 
latitude. “ TIu; causr of tliis wind hius not been satishietorily 
arrniinbMl for by inettMirologi.sts, altliuii^di its effects are jiretty 
wrll known to the colonists of Victoria. Wln*ii traveller in- 
fonn us that the K^vj»lian sirocco proceetls from the Arabian 
<les*M t, and the African simoom from the Saham, we an; justi- 
li* (l ill <‘on« luilin;f that the far interior of Australia is of an 
e<jually barren and desolate nature — at all events during that 
>ra^on wle n tlie.-** h‘»t winds blow from the central north re- 
gion to tin* soutln rn coast. Its approach is Inaalded hy simi- 
lar iielicalions. A line dust iiervad«;s the atmosphere, clouds 
disappear, and a lurid gloiun j>n;Yails. The hot hlast from a 
g« nll«* lii» r/i* iia n asi s to all the fury of a tenipe.Nt. until its 
^U•eIlgtli is expeieled. Its elfret ujM>ii cultivated vegetation 
i> dfsulating, and, but for its .sle'iT continuance. wo\dd he 
eiju.illy dr.stne tive to men and animals. As it is. it produecs 
suHiririitly bad etf-ets up.ui the hiuiiaii con>t it uliou, in caus- 
ing ophf haliiiia. intlainmalory attaeks, and deUTiaination of 
I»1 oimI to tlh' head.” 

.Sab). ,1// durhitj !<n)nhvr in IVr/or/o. 

— It ori uis g.uieially about the end i»f .lamiarv or tiie l>e- 
ginning of Kebruar\, and seldom continues longer than two 
days and three uiglit.>. As the provinee of Victoria enjoys 
the coolest climate of the nuiiiilaiid colonies, so tloos it expe- 
rience the hottest bla.-ts of this siroeco. The mhabitauls of 
Melhtmrm*, (leelong, and their suburbs, dread its apjuxnu'h; 
for seldom a .•reason passes over without considerable loss to 
the coloiii.>ts. Alllmugh its etfci'tH are not deadly, yet they 
an* sullicienlly unoomlbrtahle in class this blighting annual 
visitor as tin* greatest drawback to the otherwise salubrious 
climate n( the colony. Its appn>ach is indicated by the wind 
veering to the north, generally iKH-urring about ten o’clock in 
the morning. Wy noon then* i.s a sensible change in the state 
of the atinosj>hen\ prcnlucing a parched state of tlie tongue 
and lips, and heated dilatation of the nostrils, the thermonio- 
t«*r rising to Fahnuiheit in the shade. From the dry 
static of the air no iminediaU' enervating elfeels follow this 



3(54 


DRIOIX OF THE SEASONS. 


high tomponitun' ; hut, as tin* wind iiuMfasos, it lu*(*oin<*a 
charged with mimito particles o( sand and hiirnt vegetation, 
which have Inaui felt at sea ninety miles fn*m tlu* land. I'l'he 
tliist from the roails ami strei‘ts next rises in mutiny, while 
the sun glar»‘s out liercely. causing the pei-seeutml inhalutants 
of the towns to shut out the unwi‘lcome visitor, ami betake 
themselves to eellai-s ami d irkened nuuns for shelter.’* 

Xu. A ir^t ir iUtl fit MtltHfurn* ^ A ‘>v /•//#,*</, — In Mel- 
bourne its ctlVcts are particularly disagreeable. As the sun 
goes down on tlie evening of the tirst <laN tliere i> a slight lull 
in the bree/e, and the thermometer falls ludiov t>n , so that tie* 
inhabitants can manage to sleep until sunrise. No s« H »n« ‘i’, 
h avever, does the glaring orli, tuagnilied by tin* ha/e. I<n»k 
forth ujM»ii the dusty town, than tin* wind increases in \ iolem e 
and iiiten''itv «*!' heat, blowing in gu-t> that tear the bram hes 
from the trees and endanger ships in harlnair. Ily not*n the 
peopi** close tile shnttei's <if their windows, .tiul fasten tin* 
dotirs and apertures to [>revent tlic ingre>s nf the imi>alj)ab!4* 
I»owder. which ei»ver> every article <»f furniture and fooil. Al- 
though oppres.*sive to '^utfoeaiioii imh»ors. it is mitliing to tin- 
hot hla.^f that greet'^ you in tin* stna-t if you att^unpl to go 
“Ufj^ide Ilusim-ss is su-jMunled, unless ii be to pundias** 
drinkables ainl tlie mM es>;irie« of life, d’he elerk ut his le<lg«>r 
feels the Ixiards iH-nding b;n-kwards. ;iml tin* leaves cnrlitig 
njr. The principal eupation of tin* inhahiliinls is t*! moisten 
their parched tlirt^iits by eating waler-im I^iIik and drinking all 
manner of liquids, wliieh can be en joyed Ut a HU[M rlative cb - 
gree in the spacious s^iIo^ui.k and cellars built ou purj M»se in 
mcKSt of the? liotds.** 

o«// PfiMnrf*M /V/v? dvrlnff iht* Ifot Wtufta 
hi Victoria . — ** Meanwhile it is evident that the dry grass at 
this sea.son of the yesar is Htill more parehed hy its influence, 
ami ha^caughtfire in the environn of the town, f’londs of 
.smoke now add to the stifling gale, and the heaveiiH beri>mo 
obs4um*d a.s if then* was a thunder-storm gathering. 'I he re- 
Htntiiied action in breathing becomes almost insupportable if 
you are in the fon\st, and tlie half-suffoeated Hf^ttlers liave a 
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<liftinilt y in htnppin^^ tin; progress of the huriiing gniss toAvanls 
tlieir liuiin*sl«*;i(|.s. 'J'ln*- sheep lie down with fnintiierfs, ainl 
the cattle and In nses gallop about in wild deliriuiii amongst 
the burning grass and tre«;s. Tin* scene all around is fear- 
fully wild. Here the flames liave entered some dens4‘ brush- 
wniMl, bla/ingand crackling amidst the heavy smoke from the 
gri;en bushes and trees, whieli at length ignite from the com- 
bined idfects of tin* ln»t blast and the dry, smouldering, dead 
timber, 'rin n <tvertlie jdains tin* flames rush along the grass 
with the speed of a raee-hors**, whilst above, wheeling in tlie 
air, are se<‘ii myriads of erows and binls of jm^y, swo<»j»ing 
down ujion the roa.stt*<l insects, snakes, and small animals tliat 
have fallen a sieritiee to the conflagratitui. Thus uj>on the 
afternoon of the M*cond day the hot wind reaches its climax, 
tin* thermometer stands at 117 in the shade, and the gale 
Mows ill wild and furious gusts. Tin* ilisippearance of the 
sun brings very little e«*s.sation to tin* war of elements, ami 
a sh*eple>s, uneoiijfnrl«ible night is before tin* inhabitants. 
Sear»*t*ly a house in the town but shows a light from the win- 
»li>ws, at wliieh tlie inmates may be seen, clad in ibeir light- 
est apparel, endeavnuring to while away the sultry lioui's. 
Towards the opening of the third day the bhist shows symj*- 
tiiins of abating, and ctuitimies to dt‘cix.*ase gradually every 
hour until the evening, almost heedless of the eifecte jircKlucetl 
liy the nooinlay sun, pursuing evidentW its more powerful 
naturi*, until, hj’ the ch»se «if the day, its last hot breath is 
expended, allowing the caad soutli wind to step in and fill its 
jdace. The gnitidul biveze comes i\»fresliing to the fevereti 
elieeks of tin* i;oloiiists, and tliey lay tl<»wn their heads to rest 
W'ith some hopt*s of sleej>.” * 

UolK D/ffu attfl moHiftonous a/ the Forest-Scenery 

in Aitjiiralia. — With sueh a remarkable contnist in climate 
it may be* snpposeil that the chametoristic aspect of Ai^stmlian 
fon*st-s«renery diflers eonsidombly from that of Now Zealand, 
'fhere the atmosphere is dry, the trt*es are wide ajmrt, with 
tap-rooU hidden in tin*, deep alluvial soil, and the foliage is 
* * Tlio OoM lt«gioii8 of Australia/ by Samuel Mossman. 
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of 11 coriaceous texture, sustained l)y aruinatlc oils to lu'sist the 
liot winds. Xo underwood (»r jungle of ereej^ei’s Imrs the 
way over the level forest-lands, while the grouinl is smooth 
and grassy, and free from surface-roots, so that tlie travell(‘r can 
drive through these natuml parks in a vehicle for hundreds 
of miles without any serious impediment. Elsewhere we have 
described how’ tlie leaves of the gum-trei‘s — 

which form the chief pn^portion of timber tn'cs in tliese <ipen 
forests — are evergiven, ami they hang (»n the h‘af-stalks with 
their edges upwanls, both sides of them being the s:»nie. snme- 
thing like the leave.*< of the mistletoe. Coinj»ared witli the 
fdiage of P-uropean forest-trees the havi‘s are small. gi‘mTally 
»>f a lanceolate shape, approximating to that of the comimm 
will.>w or ash. Tht*re mv m» umbragetuis trees liki* thi‘ syca- 
more, and few have leaves as large as the elm. lienee tliese 
forest-lands are always open to tlie sunshine, and swept by 
tlie breeze, di)wn to the herbage ami llowers that (Mtver tlie 
ground, atlbnling pasture for the henls and Hocks ol the 
coloni>ts. So striking is the optui aspect of these forest lands 
that the settlers coin pare it to tlie park seeniu-y (»f England. 
In nur travels through them, we have somedimes fell it dilli- 
eiilt to flivest ourselves of the idea that we were not riding 
through a nobh'iiiaifs park, expecting to get a glirnp.-c of 
some grand mansion Is twfM-n tlie lre«*s, although nothing was 
^et-n but the bark hiu of a sliepbeni, r*r the simple mitt initi 
of till* aborigines. It must be observe<l, however, that with 
all this plefising aspect, thorr? is great monotony in tliis fr»n*st- 
sceiierv tliDiughout the year, in consicjuencc of tin* evergreen 
foliagi* and its ilull tint. There are no l>riglit hues in spring, 
with buds shooting from the boughs, or tlie vari<'d shades of 
foliage in autumn, which give .such cliarms to d<*eiibious 
ff»rest-sceneTv\ 

3b0. Audrallan Unm-Trp.e^ the h!fjhpnt Tppph in the lEorA/. 
— Although the leaves of Australian trees are small and scanty 
compared to those of Europe, it <loeH not follow that tln^y are 
less in height. On the contrary, then^ are giant gnm-tn^es 
that would dwarf the largest sycamore, elm, or oak in Eng- 
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hind, anil rival the irionarchs of the American forests. On 
this point the ^^overninent director of the liotanic Garden 
at Midbourne furnishes some interesting details, as follows; 
— “ The inarvellous height of some of the Australian, and 
esj)ecially tin? Victorian, tribes, has become the subject of fdoser 
investigation, since of late — particularly through the miners* 
tracks— e;i.sier ac<;es8 lias been alforded to the back-gulli(‘S of 
our mountain-system. Some astounding data, supixated by 
actual measureiiKiiits, are now on record, llie highest trt'O 
previously known was a Karri-EucahjjAm (Eucalypfm col- 
htssfti), measured by Mr Pemlierton Walcott, in one of the 
delighttnl ghuis of the Warren liiver in Western Australia, 
where it rises to approximately 400 feet high. Into the hol- 
low trunk of tliis Karri, three riders, with an additional pack- 
horse, could enter and turn in it without dismounting. At 
the desire of the writer of those pages (Dr Mueller), Mr lb 
1 logic measured a falhui tree of Kucnbjpim amyAal ina^ in the 
dc(‘p recesses of Daudeiiong (Victoria), and obtaineil for it 
Die length of 4lM) feet, with proportionate width ; while Mr 
< 1. Klein took the measurement of a eiicalyptos on the IJlack 
Spur, ten miles ilistant from Ilealesville, 4«S() feet high. . . . 
It is not at all likely that in these isolated imiuiries chance 
has led to the really liighest trees, wliicti the most secduded 
and tlie least accessible sj»ols may still conceiU. It seeni’i, 
however, almost beyoml dispute that the trees of Austndia 
rival in length, though evidently not in thickness, even the 
removned forest-giants of t.'alifornia, Sequoia WtlUnulouia, 
the highest i»f which, as far ;is the w'riter is awan‘, rises, in 
their favourite haunts at the Sierra >ievada, to about 4o0 
feet. . . . Thus to Victorian tn‘es the palm must lx? conctnled 
for elevatiim. A standanl of comparison we possess in the 
spire of tlie .Minster at Strasburg, the highest of my cathedral 
in the world, which semis its lofty pinnacle to the ludght of 
41)6 fi‘et ; or in the grcMt pyramid of Cheops, 480 feet high, 
w’hicli, if raised in our nuiges, would be overshadow'ed proh^bly 
by eucalyptus trees.** 

361. Mueihrs Account of the Australian Junqlc . — 
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These gigantic trees are not found in the open forests alluded 
to, ])ut among the mountains, where deep rocky glens afford 
the moisture and shade necessary for their growth, denied to 
them in the ariil level lauds we have described. There tlie 
humidity is almost as great as it is in Kew Zealand, especially 
if the forests are near the sea. They are especially o])servabl(j 
in the Australian Alps, and along the Cordillera, trending 
from the most southern to the most northern mountain-rang(»s 
l^arallel with the east coast. These dense forests an^ calk'd 
‘‘ scrubs ” by the colonists, to distinguisli them from tlie open 
forests we have described, and “jungle by l)v Miiellm-, as 
they present an aspect similar to that of the jungles in India, 
In his essay on ‘Australian Vegetation’ hci remarks on its lead- 
ing features as follows : — “ AVhile the absence of very high 
and wooded mountains imparts to the V('gelation throughout 
a vast extent of Australia a degree of monotony, we perceive 
that the occurrence of lofty forest-ranges along the whole' 
eastern and south-eastern coast changes largi'ly the aspect of 
the country, and in this alti»ration the mountainous island of 
Tasmania greatly j)articipates. Thus the extensive um- 
brageous forest-regions of perpetual humidity commence in 
the vicinity of Cape Otway ; extend, occasionally but not 
wddely interrupted, through the southern and eastern part of 
Victoria, and thence, especially on the seaside slop(*s of th(5 
ranges, throughout the whole of extra and intra-tro])ical 
East Australia in a band of more or less width, until the 
cessation of elevated mountains on the northcirn coast confines 
the regions of continued moisture to a narrow strip of jungle- 
land margining the coast. In this vast line of elevated coast- 
country, extending in length over nearly 3000 miles, and 
which fairly may pass as the ‘Australian jungle,' the vege- 
tation assimilates more than elsewhere to extra-Australian 
types, especially to the impressive floral features of continental 
and insular India. Progressing from the Victorian pro- 
montories easterly, and thence northerly, we find that the 
eucalypti, which still preponderate in the forests of the 
southern ranges, gradually forsake us, and thus in Eastern 
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GippHland commences the vast assemblage of varied trees, 
wliicli so much charms by its variety of forms, and so keenly 
engages attention by the multiplicity of its interest.” It 
must be understood that this is exceptional to the general 
cliaracteristics of Australian forests in the temperate latitudes, 
especially in the interior where extensive aridity and same- 
ness make the rule. 

362. Rnpidiitj of Growth in Australian Gum-Trees and 
Acacias . — Although the colossal trees referred to by Dr 
IViueller, and the dense vegetation he describes, exist chiefly 
in the humid glens of the mountain-ranges, yet, even in the 
ariil plains and undulating grassy lands, the gum-trees exceed 
in height the trees of European or American forests generally ; 
while the acacias, which form a large section of the trees and 
shrul)s ill Australia, grow luxuriantly in dense groves where 
ordinary plants would be stunted or perish. There is a 
rapidity of growth observable in the A^egetation generally 
that surpasses anything known in the north hemisphere, to 
account for which we naturally retuiii to the first principles 
involved, and conclude that this is fostered by the presence 
(.)f carbonic acid gas in greater volume. The evidence furnished 
by Dr Alueller on this point is as follows : — “ JSot merely in 
their stupendous altitude, but also in their celerity of growth, 
we have in all probability to accede to Australian trees the 
jirize. Extlmsi^e comparisons instituted in the Botanic 
Gardens of Melbourne prove that several species of eucalyptus^ 
more especially Uucali/ptiis rjJobuhis and Eucalyptus ohllqiiusy 
as well as certain acacias — for instance. Acacia decurrens^ or 
Acacia ruullissima — far excel in their ratio of development any 
extra-Australian trees even on dry and exposed spots, such 
as those into Avhich our blue gum-trees Avould not penetrate 
spontaiKJously. Tliis marvellous quickness of groAvth, com- 
bined with a perfect fitness to resist drought, has rendered 
many of our trees famed abroad, especially in countries where 
the sui)ply of fuel or of hardwoods is not readily attainable, 
or Avhere for raising shelter, as around the cinchona planta- 
tions of India, early and copious command of tall A’ogetation 
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is of imperative importance.” Of course this would depend 
upon the elementaTV food of tliese plants being as abuminnt 
in their exotic localities as it is in their indigenous habitat. 

363. Ei'hlences of a large Volume of the Carhonic Constitu- 
ent in the Atmosi)here of Australia. — Now, in accounting for 
this rapid and gigantic growth of trees and shrubs in Australia, 
we have not the same phenomenon as that presented by New 
Zealand vegetation — of the plants absorbing their carbonic acid 
gas from the atmosphere through their surface-roots. On the 
contrary, the eucalyjiti have tap-roots that penetrate into the 
deep alluvial soil, like the ti'ees of Europe. But wo have evi- 
dence that this soil itself is highly charged with carbonic acid 
gas, which acts as a great deodoriser and destroyer of noxious 
gases to^animjil life. Hence Australia is &med for its hygienic 
advantages and the absence of malaria from its mai’shy lands 
— a quality in which the climate of New Zealand participates, 
as also those of South Africa and South America. This 
branch of our subject we shall not enter into at present, as it 
will demand our attention in discussing the extraordinary 
salubrity of the south aerial hemisphere generally for human 
beings and all lung-respiring animabs. lileanwhile we shall 
proceed to inquire how far the peculiar nature of the ever- 
green leaves of Australian trees affords evidence of the pre- 
sence of an atmosphere more highly charged with carljon 
than is found in regions where deciduous trees are indigenous. 

364, Evergreen Characteristics of all the Vegetation in the 
South Hemisphere, — Evei^reen shrubs are well knoAvn every- 
where, and are much prized from their leaves continuing to 
adorn the plants when the great mass of vegetation is stripped 
bare, such as the myrtle and laurel of Europe. The same may 
be said of pine-trees and their congeners ; but the needle-like 
size and form of the leaves makes them conspicuous among 
the folic.go of broad-leaved forests. It will, however, be ad- 
mitted on all sides that evcigreen shrubs and trees are ex- 
ceptional to the general character of the vegetation through- 
out the north temperate regions, and that, as a rule, the trees 
there are deciduous, or, in other words, they shed their leaves 
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annually — a phenomenon which occurs with such certainty 
in tho Js^orth American regions, tlmt it has given rise to the 
household Avord of the “ fall ” of the year, as the season of all 
others most marked among the four. On the other hand, 
tliroughout the south temperate regions this peculiarity of 
tho vegetable kingdom is reversed ; the ruling character of 
the trees and shrubs is evergreen, and the exceptional decidu- 
ous plants are small annuals that form but an infinitesimal 
part of the vast zone of vegetation. As far as Ave knoAv, 
there is probably not a deciduous species of tree or shrub 
indigenous to any country in the southern hemisphere. This 
Ave do not point out as an advantage possessed by the vegeta- 
tion there over the contemporary flora of the north hemi- 
sphere, but simply as a fact that deserves further inA'estiga- 
tion, Avith a vieAv to determine the causes that procluce the 
phenomenon. "VleAving the subject in a popular light, Ave 
incline to an admiration for deciduous vegetation, which 
associates Avith its budding, blossoming, and decay, so many 
analogous features to the great phases in human life. Mr 
Darwin has the following characteristic remarks on this sub- 
ject : — “ In South America, Australia, and the Cape of Good 
Hope, the trees arc all evergreens. The inhabitants of these 
and the iutcrtropical regions generally thus lose, perhaps, one 
of the most glorious, though to our eyes common, spectacles 
in tho Avorld — the first bursting into foliage of the leafless 
tree. They may, however, say that we pay dearly for our 
spectacle by leaving the land covered with the more naked 
skeletons for so many months. This is too true j but our 
senses thus ac(iuire a keen relish for the exquisite green of 
the spring, which the eyes of those living Avithin the tropics 
(and in the south temperate regions), sated during the long 
year Avith the gorgeous productions of those glowing climates, 
can never experience.” • 
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wiiit<*r, (‘mM i*< not to 1m* ;i4 iljf [*rincij*ril oansr* of 

this |»h<*norn< non. It nnn h iiimp* natnril to attrihut-r* it to 
tin* ition V‘ '^ctation, an‘l lh<- w tnt of nonrirthnn-nt whi< }i 
tlji* lr.iv» ^ at llmt .*»«'a->n, whi-n th** r ouro* of tin* 

"aj* i-i int<Tnii»t»Nl. Tho nf tin- 1< if i-.ntnu-t, dry \:y, 

aii<l .-oMii aft^ r lli it ori^Mn in il« t.n h* *l fr -in tin* twi^ .,ii whi^h 

it h i*l 1 m .*11 «lrv«*Io|M «l. Th‘* vari*»nN tints of ihn aTitnnmal 

I* if vi'll'O.v, n hiown an* «»win;^ to tin* ‘lifr»*i>*nt fl**;:r>*na 
“f o\i.lati.*n of tin* in itl»‘r- f '*ntaiin*<l in tin* <!(*sic<*ato<l 
of tin* I*.if; Hot iinfn*4piontIy tin* colour \< int!Tn*nn^‘l hy 
niinnioU'. ininnti* ftiruo \vlii»h upon tin* >urfan**,.f tin* 

*h *'iyin;^' 1* if. 11 -w hoa itifnl a^‘ th** nnllow tints of an 
antninn f *r« '■{ ! ni**r»‘ «h'4 j» ami .j*»r^^ron-. tlnai^'h not ■» » f’:ll of 
!n*]M- ainl j-'V. as tin- li^Oil l»mMif»^ apjM-uMnc^* »»f * 

i tiu*( • rh^ihitinn rj njnjfj^n / »/ 

i- n ^t m « ^ "sarv to oo int*» any ‘l^ tail to wj|i»w th*' 

iinl>»‘rtaii f air I » tin* Hfn of plant**, ami tin* al‘^*»q*!ion » f 

i;n'ist\n4‘ ami >:a»»’<»us « l*-nn-ntM !>y tin* l»*av4*s ; it to 

'ay th at it h i-* Is-m >,it infant orily prove* 1 that an oiitin* plant. 
p>"t, .“trin. iml h-avn^ <!iti! v« ry f^hoi-tly after 1 m inj pirn*-*! 
nml'T tin* »-\hin't«‘-l p-ri*ivi*r of an air-pump ; that aivtlnr 
j>l int liv<*<l wiili its r*>*»t ami ii»tnm in tin* vaeujijn, ami it^^ 
ha\*s ^•xp^'‘'••‘l t** tin* influ*'nrn of the air; solhat the h*avi s 
"f ijlanl." an* r.p.iivah-nt to the luno^ of animals. “ Mo-lm*. 
nliomiNtrv lia.- ailonh**! us many otln-r j»i\"vofs of tin* funclio!iii 
of tin* leaves of jilants. Tin* exjieriments of Prh*«tle\\ Elli-. 

I Jenamlolh*, ami oth(*is, have fully esiahlisln’*^! ^M^th the al- 
^orption and exhalation of pis4*s lha>Ui:h the iii» diiim of the 

l*'av»-^. , . . *rh»* •h'et»injvi»‘4ition of the earK*nu' acid 

from tlm air is • if. rt* d in the panun hym.i of the leaver, 
\vA\ as in all the otlp r and heTlv.irNi't*U« of the 

vr^»**ial*le. When vep-tahUui tire exjH»*4**«l to the action of the 
stni they an* »h the air retaintni* the miflK^n am! 
disrn^M-in^ tin* o\\ :,*en. Tlie leveriwj tnkci* plaee whet! they 
an* withdrawn from the inflinuire of the IiVliU in which cit^o 
fliev extnn t from the nir a }H»rlion of it,s c»\y;^nf'n. ivlnVh they 
• ‘A IfiHt»»r,v of the VetretaMo Kiiipleuj.* liy William ItliimL 
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ivpUico by an iiuantity of carbonio arid 

In othor W(>nis, tho irrooii part of plants, exposi*«l to 
tht» (iiroi t rays of tin- sun. *‘i»joY tlio projuTty of tircoini'osino 
the oarlxuiir aoi'l oas roiitain»*«l in tin* ann*>sph«‘n\ ainl srltiiii; 
at lilvrty an oqniwiloni tjuuniity of oxyoiui. In iho tlark tli»* 
contrary takes plact* : oxyoeii is absorbiMb and cavbt»ni»* acid 
cv.dvod at the i xpi t'f the j>lanl. A Krcn»’h 
M. < ailh't. luis iveently made s»»;iu» fiiitluT o\prriim‘nts on 
tills sul»i»‘ct, whioli we find deM-ribed in tin* ‘.lounial «les 
t ’''nnaissanorN Mt'dieal‘‘>/ Ho has a>* <*rtaine.l that fn-sli 
h\ivis, cv*ui when st‘parated from tie* stalk, will act on oas** 
oils i:>ixtur»*s lx‘'«i'h‘S tin* alino^pln r* a- if tlu'V won' -^till ad- 
herent ; ainl that h-ivrsof tin* same plant h.uinu" an »<[u.d 
surface will dei-ompoM* tin* sann* •piaiitity i»f i*aihoni«* lu id j/a^ 
whfU tin y a* t on nh-ntieal mixtures. l.* av* -- either cru-ln-d 
or rubb*d I0550 thr ju»'porly alluded to; but tiny vmII not 1» 
entirely dfprived of it if ml into small bits, 'fin* lirr^mpM*, 
ino letion a tempframre of from rn» Kihri*n 

ln'it ; but mvs of daik heat arc not sidlloionr to piiMbic*' il. 
(’nbairoil r*vs art witli various inlcnsiiit*s ; j^urf-n will deonm 
])os«; iio r.iri>oni*' aeid pis at all— a eirrnmstanr** wliirh e.\ 
plains the reason wliy vep*tation is languid nnd»'r the impel 
trrt shade of hir::e tro< v. Thus it a[»pr;n‘s, from tin* hiole st 
<iuthoriti*'.s. that carbon in a pisoous furni is tin* chit f ob-mnii 
ill sUj)poriin;^ the vital conditi»m of trees as well as slirnb-, 
and that its absorj.tion and i*xhalalion are tin* ]>riin i]>al func 

tioJiS of tin; leaves. Hene»* it IbllfOVS tlial the eveipreii 

%»‘p*tation of tin* south hemispliere perform^ tlie-.e oJIire.s 
\»erpetually, which am in a measure .suspendetl duvino half 
the year among the deeiduon.s jilants of the imrth liemisj»herc. 
Tin's may account for the excessive ni[iidit y of growth observed 
by T>r MnelJer in the oncalyptn.s and aca(*ia famiJicts in Austra 
lia, shoeing this toconsi.st not in actual rjiiicknes.s of develop* 
inent, btit that they do not slack in their speetl in the H«ira race ; 
while their atitipodean compe-titom lag behind tluring wdnt«T, 
3C 7. nf tliHitflYihf df (fflvInUiiY 

in tIfH Itrff //cm/.xy//// /v-.v. — Whatever inferenci’.s \vr 
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iiijiy <lra\v from tin* fontnist in tlu; of tlu* two 

In Jni-^phtTcw, it i.s tl»*ar llial thw ^r«*at<T carixmilVroiw d*- 
vi li»j»rm*nt of |ilant.s ran urirtc fn»m no <ilher ran»*‘ than that 
tilt* trm|nT.it«5 z<»nr of th«5 ?iouth arrial li(‘iiiiH|ilK*re in luor*; 
lii; 4 lily rhar;'i*tl with rarh«»nio arid gas than tlir com*.sjwjiiding 
zonr in llm n‘»rth. Ami, furllnfr, that drridmaiH vrgrlati‘»n 
alining during an r|»*irli >u}i.M*«jurnt to a prrit»tl whrnahiglily 
t ariionir flora l>r<*anit* rxtinrt, ij«lx‘d«ling carhon in llie roal- 
lit’ltN, it foIltiWH that the imrth arrial hriiii>|»hen? luis Ix-en 
pirlially r\hau^t4•d of tliin rh*niriit .sai rsM*ntial to ev^ rgre^ n 
\ inflation, and a m w tliMitluouH ll*»ra .sujarrinducf*!. In 
t .ii^ tjUfiirf of this iliininutitin t»f rarlntn in the air, con-ti- 
futiiig llir |»rin(*ipal jiahuluin of vrgrlahli* rxi>trnf»\ we find 
tli.it till* atiijo.sjtht rr h.ts its geoh'gical history as wt-ll aa tii** 
l.iiid and >ra. If wr omM ttbtain vrsligt*> of its priiiirval 
roinliiion, in all probahility we \v.>uM liml rxlraoniiiutn' 
I liaiu'rs in tin* voluiurs of its coustiturntH through various 
t pM. Iis to thr pn'snit peritnl. In the ^l^tng nrg;iliv<‘ evi- 
tl<‘nr*‘ fiirni*'lu*d by the fin^goiiig data — that the alniospln n* 
in i!ie Nnuth trinperatA* ntgkms rontain> a larger jK^rcmtage of 
r irhi'ni«* 'dv'u\ gas than ill the north — we have a vrsiigo of im- 
port. inrr for our runsidcmtioii, if sulisisiurni invr.Hiig:iiion 
hy aii.ily.srn and j»'«.-itive proofs demonstrate ci»rreclni‘ss. 
A^>uming that tins «lisparity exists, it may l»e accuunt*d for 
gt .»l**.:irally in thr following mauiier • 

ibis. yV/Mi/’v ncruuntlihi fnr the Dimhintim of C*irl>*iuc 
h*fts in f/tt' y»»rth /A Let us su[i]>os<^ that at a 
prrio.l in tin* physiral history of Uie earth the atim»sphei>* A»n 
hoih sides Aif the ei|uator w;iH well provideil witli the earlK)nir 
rlriiuini, and there was no vegetation above the level of the 
.M*a to alisorb it Tlnui came the upheaval of the laud in the 
iiorlli hemisphen.', upon which enormous fon^sts grew, the 
trees and shrubs of which they wore composed absorbing 
largely thi« necessary element of their existence. Although 
by their functions these plants ituununl Kwk thnnigli exhala- 
tion into the air a ]iart of this eavl»oU| yet the bulk entering 
their .strucluro in an indestructible form was burieil in tin' 
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and thron^di tlio u^*nr\ «>t‘ voUwnif lh‘at fnal. 

Whou we i'onsiiU r tin* imnu-iwo aiva ainl tU ^tli i»l* th*' (muiI- 
nieiisuros thr"iiL:h«‘Ut th«‘ al»‘m%aiid tin* inliniti*'' 

imal *»1‘ t aiKonie arid i:a> in th«* air, wt- ran ra>ily 

inia^MiK* li*>w it lia< luni jartially l•\han^^lr«l. And i!' wi* rx- 
triul this u]»rr\;iti»'n to thr irrrat know n, and prt»l».ii‘ly ^ir ilrr 
unknown, e-al - deposits in Nouh Anirriea an*! tin* Asiatic 
contiiirnt, w»‘ ran undrt>tand huw ihr atnio*Hjilu‘ir In lln-'r 
rt';jion< ll.l> hi-rll so ivdurrtl ill railioll tliat it mulil Iio Inni^rr 
maintain thr rl.iss nf plants ih it l*»»nnrd tin* ♦'••al tii 1*1^. l in n 
tlirv hrraiin rxtinrt, tlirir fum tions hrroinin^^ adapl'-d to 
the altered roniUtiou of thr air, tin* hanlirst plants livi-d 
thivu-^di the srasuu wiun ilivr>te*l of tln ir f.*l!aL:»‘, \'hilr new 
p-nera of tr** - aii-i .-hnihs of a ili‘rid*a»»ns nalnr**, rr.juirln;^ 
le,-5 •‘arhoiiir ^u.^tmain e, >prano up to till the plarr'^ rf tin* 
evi-rLTetui'^. In tin* south aerial hnnUplnre durin-: tho-r 
periods id' exhau-tnui in tin* inwth, tin* atmosplnaii’ r.rii^titii 
ents nunained alnit-t uiiaUrivil in lln-ir juimitivi* \Mlinnr, as 
tln*n» WM>> hut little l.irnl npheaved ahovr tin* .si*a lr\i ] r.>ni- 
jian-il to tin* vast area nf water, ainl thi* v<*p*lation l apiMi* «*f 
forming roaldirlds was of a very Hiniti d rliararier, if wa- may 
jud;:e from the h-w kiiown depijsius ainl tin* ran* indi«ations 
of ihrir exi>t*'iire in -owlln-m repifuis at tin* pre.M-nt da\. 

Lhnif* ff K^rf' iff ^»/ Offt/-Mf'(tst/n .s ill f In S* tilth Utini- 

— In An-tnlia it is true tliat < oal iniin-s li.i\r l»r» n 
opeinsl in .^r\eral lor.ilities, and tin; iniin'ral foinm a valuahh* 
artieh» of exjM»n fniin the eohiny of Ni*w South Wah* \ l;ut 
the>e, witlnait <letrai'tino from tln ir imporlanre, an* of >m.dl 
area and hulk eompared t»> the extent of country in wliii li they 
occur. The lar^rest coal-field fonna K*‘eat part of tin* llnnt«*r 
river hafiiji, about one hundred miles in^rth (if Syilm y, ainl 
the next is in the district of Illawarra. I’ln re an; other known 
seams in.that colony, as well as Victoria, (^uneiislaml, Tasma- 
nia, and West4;rn Austndia, hut the coal is of sucli inferior 
quality, or is so badly situated for carriage to a ]*rolitjihle 
market, that scarcely any of it is utilised. So important is 
this article in the estimation of uati*uial wr;alth, that in these 
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fulniiii-t, as ill tli(* iiiotlicr-riiunlry, ^ovorniu^^nt 
anil nrn a|#|)^*iiit^*il fn rcjjort n|M.n it- i|nalily ainl 

i xti-iit Ilf* ilcpi.Nit. In tli<‘ j•uI>li'•ll«*‘l ri*jM»rt- f»f ihi*'*!' nflicial** 
fur Virtuiia ami N<‘\v Smilli Wah-^, an int^ n -t in*^' rontrov^m* 
lia-* Ini n laisnl ri-;:.inliii^ tin* pnli‘;j:ifal a;/i* of -Xustnilian 
roal. Prufi ^^ur M't’i'V, in llii* fonii*-r<‘*I.iny. hoIiN that thoro 
is sram Iv any ovi.loin o to .show that it hi lon;;^ to tin* :inci<*nt 
r.ii 1 ••nili'ious jH*rio«l in tin* nortli hfini-|»lion* : hi* l•l:l>‘•|’S 

it nn«l* r tin* iiion* rn i iit iiiio^M ni- }M*iio<l of tho tertiary for- 
mation-. On tin* oth« r haml. Mr KioiH'. jrovi rnini-nt 
m r of i ii.il lii'Ms in tin* latt**r rolony* hark»‘il hy tin- Ih v. Mr 
(‘larki*. an i nthusiastii' ^<‘olo;;ist. htoutly ih*frn*ls tin* f**llo\v- 
inu' >lat‘ nn*nl : “ 'rin* low^ r hoils of tin* coal si'ri»*s of N’l-w 

South Wall'S an* o^'oloojrally ohh*r than any workiil in Kti- 
ro]n*, v.liiKt till* u|ij«'r hnls n-prosoni tin? most nTi-nt of thr 
Kmoju an trm* rarhoniforoiis fonnation. An«l a> all tin* coal- 
''i Min- from tin* Silurian upwanls an* <l<‘j»o>iti'il ronformahly, 

I must coiirluih* that tlii.s portion of tin* ojohc was coni}»ara- 
li\» Iy frni* from vioh nt eruptions ainl ilisturl»ani*i*s from the 
Silurian to the iV rmian epoch, ainl that the alternate suh- 
nil rp ni i-s ami < h-vatioiis of the lainl niu-t have Wen slow 
ainl o|;|,lnal.’* 'Hiis loiilroversy iloes not affii-t niiicli our 
thi '-ry of tin* ilimiiiutioii of carbon in the atmosj^liere, as it 
wouM not matti-r iluriiii: what peritnl it t«Mik j»lace, proviilnl 
the exti iit of tin* roahmi*asurt»s ^howt^l an amount of this 
i ll-mi nt hurieil in the earth equivalent to what exists in tin* 
northern mal-liehls. For examj»le, if wt* hearvl of oikiI Ivin^ 
fouinl in South Africa as abuinlaiitly as it is known to exist 
in ('liina, or. what is iiioiv apposite, if it tKeurn**! in South 
Amerira, like the inexhaustible coal-measnn»s of North Arne- 
rii-a. we .sliouhl then have evMencc of gn*at ahstractioii of 
carhonic j^as from tin* primeval atmosphere in the wmth. As 
it is, wo hear almo.^t nothing of coal Kung found in %hese re- 
gions ; M> that altogether the laml in the south hemisphoro, 
luxsides being iml one-thinl in «upertioii*s to that of tho norths 
is n'lnarkable for its paucity of coal, or those formations indi- 
cating its ju‘f*sence. Hence we draw the infenuico that the 
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atmo 3 isj)heni in that binary ilivUioii of iho mirtli n^taina at pn*- 
80iit nearly tlie same volume of oarlnaut* acUl that it htiii 
during the ante>earl»onifi*nuw jK^ritHL 

370. Auittntlinn /#> ixtinci t oioV^v. 

— r#e.side.s tlie tree ferns that eonmn t the living !li»m of 
India with the exiniel Hora «»f Kun)jH*, then' un' examples of 
tin' that do t<»o. iM^UiiiistsS have observed in iheii 

niierosi'opiad examination of womly Iismuvs peculiar pum iatrd 
♦ *r dise-K^aring markings on the thin walls o{ the »*ells, ;ts if 
lie y wer\' imleiiteih and giving them the ap}K*ani»!ee of tlols. 
1 h.*y o«;cur chirtly in the tiiuK'r of pim* iri*es in KurojH' and 
Ano rie;!, forming single novs along the tissue, but i.**i in any 
gn'at abundance. On exaiiiining thin Metions uf the fo.v^il 
conifers, thtw «iots have IsMciiHdiserved to U' inon* nnmiTuus. 
and formitig <U»uble rows «*f markings. Wln ii M otions of tie 
Australian conifers of the genus aruwA/roi wen^ Mibniitl»d 
to mienjqwopiad ins{HHaionf they presented ideuii« al double 
dott^'il tissue the carboniferous pines, pn*viiig ihr « 
allunee iK^ween the extinct flom of the m>rth and lh»* living 
flora of the soutlr, and, rWr'r/s /#ori7i«s. a sitnilarity in the 
atUiiKspberir coiislitu**nts of the |Wi> li«*inihplien*a win* h im 
I»»uger exists. Mr»nover, while the I’Xtinet pine trees «*f the 
e» fci fommli’ai in the north differ in lli<*ir slnntnre from lln- 
exrstiiig piin^ of Kuro|N5 and America, the fo^^^il louiter^ 
fotiiid in the e;irlsmr»Vr>Mis strata of Austr.dia, as e\»-mplilus| 
in the shale of iho Hunter river c-sd-iiiines, are nlentieal in 
stnirture w'ith the living arutnvirias growing not far north o| 
that locality. 

371. Antdf^yi /^firceii tht IHanttf nud Annunlj* i>t Anj^fmlin 
nnd thcf^ of the C'fi&bmnferom Era , — When we a«ld tliis fact 
of vogetable analogy to that dia<'ov4-red Isi'tweeii the extim t 
and existing zo^d^igy of iha part pn si nt iurgauic life of 
the earth, we arii drawn iwUi an intcn'siing study of Aiiatm- 
Uan pliyaical hiailory. In the fimt division of our Huhjc<'t viv 
attnded to wmairiii of niaraupiul animals having Is^en 
fonnd in the aarliar tertiary dapoaiUi. 'riiese arc the oldest 
rerjsains of tnaminalia yet exhumed and date (v* far l»aek as 
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llm «Kiliu.‘ pi>ri<Ml. Thoy arc inantupiul f|ua<lru{M‘<lH, Am- 
/i/iithfrium liriHlrripii, A. IWvtulit, and PhagroltAherium 
lliirklnnilii. They occur in the Stoncsticld ^hite, and as yet 
hut lew relies of thi^ iiiten-stin^' extinct i-rwitures have Vx-en 
f'liiiitl,”* Notwithstanding the scarcity of their rt'inains, 
then* is suflicient evidence for such skilful zoologists as 
I’rofessor Owen to deUTiiiine the i»lentity of these extinct 
animals with the living kaiigaMKi (m/icroy/Ms) and the sloth 
(l>lfiAriflarrttMf) of Australia, which is s|jecially characteriM*<l 
in the gcugr.i{>hic{il division of the distribution of animals as 
the n eji.n of uoirgupinlin or |>ouch«Ml animals. These ana> 
higies lead to an inten^ting iiii|uiiy’, whether Australia, or, at 
alt events, its inountuin-chains on tho eju^t and west coasts, 
are et.i \:d w ith the extinct epochs of the north, retaining it** 
jlnv! and jnunn undLsturltcrl up to the present |>eri'Kl ; or 
whether, being npheavtsl under an atmosphere retaining its 
juiinarv v<.hnue« <.f gascouii constituents, its natural liistoiy 
ei.niim nees at the lower scale of rrv'^ttion before it can reoclt 
the higlier elasa«j8 c«f plants and animals found in the north 
aerial heniisjdiera. Wo confess that this is a subject rt'quiring 
further investigation ; at the same time, 8CC4ir«ling to the 
g«-neral tlnsiry pM|»ouinled in thU essay, we Would draw' tho 
inleri*nee that AiLstndia, and all the adjaicent isles forming 
the fifth geographical division of the world, wltich the haig- 
lish name Austrahusia, an< in an cttibrv’b state of animal and 
\*-g< tal>lc life, 1 ntr views at one time inclined to the hyjK»- 
tlie,>.i8 of eonlein[>or:iry antiquity with the earliest epochs of 
aerial orgatiii' life, fn-m tho hitherto unqtieaUoned fheruy of 
ge.d<tgi.sts .'ind r*>oIogists, ihnt all fpedrji <*/ nnimah ami 
phtutu thriimjhaul t/h’ tntrld, Jrom ]wh to pule^ mmtt ftare 
cr»s/e(/ ,it /Ac snw«* liuu'. a* Ihry prmsal a timffar 
i‘ii /Ac ot'lrr of creatiuu. To thiA tmiveisally zeeahreti theory 
we take exc(q>tion, u]>on the giound that it 'lb ndl carrietl 
nut ill th(> fauna and flora of Austmlnsia, ndwra ijud^pUMiis 
life is more or h>ss rudimentary at tho l^llent 
(RTiiHl of the earth's history. 

• Johnston's * Physical Atlas.' 
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372. Xetr Ik*^/nrn */ F*pnnat!njt witfupfif 

nny in*llij^'non< If tht*ri‘ i't r«K»m f*»r <»ii 

this |K»int with iritanl to Australia, lht*n' can !»»• little <»r 
iu»iie in th«* « as*' of New Zealand, when* tlu* wlif»lo mass of 

is of ih«^ lowr^t and no indi^^ Jious inammal 

exists: whilt‘ the formation of the ynatpof inlands is nuMlrm, 
Volcanic, or mt nt >ediint nUrv d#*posit<. I'n tin- ino>t ^!ip«*r- 
fu ial uhstrver thrir ot^neral ;t''p* ct is that of m*w n ^^ions not 
iom: eisi*'r 4 »Hl fn*m iJte dcptljs t»f the Paiaii**: and tin* inv» >ti- 
mtions of nutiintlints and p, f^j. ronlinn that 

imprv-ssion, Thou^^h lht*ri» an* n«» ln‘es in Nrw /ralaml 
holonging to the genus or Y»*t tln n* i> oth* conifer 

differing from all olljeiv, fossil or living, that will coin]»are 
favourahly with them us a tn*8 typii‘al of carhonilerous pm- 
jH-rties. This is the Kauri jnue A an 1 

the only New Zealand pine that hears a com* — all other 
kinds j»roducing some sjH*cies of herry — and therefon* to he 
classed am<»ngst the very numerous family of //o/ZofV/ry// «.r 
taxhie*t. This magnificent tree, wliich grows to a very 
great si/o, flourishes rmly in the North Island, in the iieigh- 
lH»urhood of lie* sea-n»a>t, ami generally in mountaim»us 
sitiuti*»ns, th^uigh we have seen Koine small inland f<»rest.s of 
it on level ground. JVing a valuahle artiele of comimTce, 
for the excellence of its spars for tin* largest imunof war, 
and its clofu;.grained tiriilKT for planks, it hn.s attnuti-d 
mf*re attention than any other description of tree in the 
country. 

373. Dartchi^s Aeromtf of irnmnyar Kour! Ptioa h* Xrtr 
Zf*uJnnfL — Danrin fimiishes tlie ff^IIowiiig account of tin? 
gigantic diinensionfl of this tree : — I me»asurefl one of tlio.se 
nohle trees called the Kauri pines, in a part that was not 
enlarged near the roetts, and found it to Ik) tliirty-one feet in 
circumflSrcnce. There was another close by, wdiich I did not 
see, thfity-tliree feet, and I lieanl of one nfit less than f(»rty 
feet The trunks are also very remarkable for their smooth- 
ness, cylindrical figure, absence of hninchos, and having very 
nearly the same girth, with a length from sixty to ninety 
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ftMil, 'rht» tTown of tliij* treo, \vlu*ro it in irregular)' liranchi**!, 
iM Hiuall tiiid out of ]iro{xjrliua the trunks luul the folhige w 
likewixe iliiniuutive an compiir<*<l with the hnuieheH. The 
fon*8t Wiix alnioHt of tlu* Kauri, iiml the hirge*?t, 

from th«* jwirallf'lLsm of their niile#*, hUhA up like gigantic 
columns of wcmkL The titiilMrr of ihi^tx? treen ia the iiioht 
vuluahle piHKluet of the islatnl (north) ; moreover, a quantity 
of refill frt»m the Uirk, which ia collecte<l/* aij«I 

imiuufa* ture«l by the Ameriains into a vaniiah of «u|KTior 
tpialily. 

374. Kurnit^an Atittualn fjnncn in S'/tithern lietjion^ become 
Itf'rvinual awl — IV'Xules the pnii>erty of rendering 

imiigt*iioiis vi grtati<*!i evergreen and pettmnial, the S(*uth 
aerial le iiiisjdiere Inus apjKin^t^tly the power t»f iuip^irting 
th«%He qualiiies to trees and shrulM tninitplaiiUsi from the 
north hemispheiv. When the coloni^U in the environs of 
Hrishaiie, t,>ueensland, firnt iiii[»orted the cotton-plant from 
North America, they obtained ^%*da of the annual herbaceous 
kind, known as the “ Sea Island Cutt4in,'* prized for its 
sujK rior tpialiiy, uiul yielding the most valuable pnxliice of 
all varieties. After a few years’ cultivatiim the sc^ttlera were 
agn-eably surprised t*> liml that the plant assumcHl a pi^rennial 
cliaraeter - thendiy obviating the exjiense and tnmble of 
growing it annually fix^m the seed. At the Cai>e of GtHni* 
the tniveller, in proceiHling along the excellent ro;itls 
inad«‘ by tin* iMrly Dutch colonists, may olwerve, among the 
trees that sha4lt»w the way, a nuiuKT of t>ak trees, which on 
inquirv he is informer! Induiig to u sj>ecies calUnl the Afiriciin 
«>ak, and that its leaves a^t^ evergreen. He may sup{H>se that 
it is tin* liolly, holm, or evergreen oak of Kim>pe {Qnercm 
iltu'); but there are data for conclmling that they are deocen- 
ilunts from the deciduous oak {Q, ro(|gr) which the Dutch 
im|K»rted imuxi than a century back, and it hi\s. since «beci>me 
an evergreen. In New Zealand, the oak, tlie asli, tho^ hoioe- 
chestnut, and the walnut grow luxuriantly, with a tendency 
to n'tain their foliage longer than in Kimqn*, but they cannot 
yet, although in time they may, be classed as evorgreens. 
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There, also, in the pmh'iis many plants whiiTi are anniml in 
Kngland have become bu*nnial ami jH*r»‘nnial, These notme- 
able changes in the plants im|x>rted for use or ornament by 
the settlers in the Australian or New Ziitlami colonies an* 
attributcil by them to the geniality of the climate comparetl 
to what thi'V have 1 hh‘U aecusbuned to. Hut we coiiteiul 
that it arises fnnn the tlitfeivnce in the vital functions of the 
atmosphere, iiuluceil by the presence of a largiT volume of 
<arlN>nio acid gas. 

d'o. A f i-f ii ('tjch' «/' /A/' N-*/,. ns in V’#>- 

Ansfruliti . — It is Well known that the .seasoms oc< nr in 
those southern tt*gion.s ilunng the op[>osite months of the year 
t‘> what we experience in our northern climate. Likewise, as 
We have el«»*where shown, the winter w'ason is .sh<>rt ami mU 
sf> rigoRiHs. while the summer Kea»tn is longer ami hotter. 
These characteristics are most strikingly exemplilied in .Aiis 
tmlia, when' snow i.s almost unknown, ami frost is of slnut 
durathin on level-l.inds near the sea. As the climati- of tlie 
colony of Victoria emhnnaw all the j>hem>m(-na of the .M-a'-ons 
in the b'mjierote latitudes of tluit region, we shall ijuot<* fnun 
the rejK*rt of Mr Ellery, the bw^al government astronomer. 
“ a brief description of a cycle of the .seasons.” In this he 
has adopteti the jKtpnlar divishm of each seamm int«» three 
months’ <iuration, which is not strictly correct, ns far as im- 
tart! is the interpreter. This is <-s[s;cialIy noticeable nmler 
the bead of Autumn, when* the eluiracter of the sea.son is 
reversed — asobsemsl in apnrtioua section of our work — ami 
which he dcsrriWs as c<inatitnting a second spring. With 
these exceptions, the account, as follows, of the seasons at 
<mr antipmles is graphically eomsd, and no doubt will be 
interesting to the rea<ler who has not expcricncetl the glow- 
ing heat of Christinasi<lay in Australia : — 

376. Spring Or»«mt parched, yd the Paeturage nourieh- 
ing . — spring season, which may Iw said to imdmle 
September, Octobfjr, and November, generally sets in alKint 
the beginning of Septcmljer, during whirh month, although 
sligitt frosts sometimes occur, the weather is usually mild and 
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ofti-ii quito wiinii. lUitlier alKivc* the ntonthly avtn»({e of 
rain ulwi frcKjuently iStrong northerly ainl wefctcrly 

wimlH are prevalent in .St-pteiulK*r anil OetolM-r, but the «;iir- 
a^nla <if air, l>oth a« frerincncy and velocity, afxm to 

lie more f4{uully UiNtrihuted durin;; tlu'se luoiitha than at 
other jMirth of the year. The northerly winds bt^rin to tw- 
t*unie th<! dry ami warm condition that characteriiais them 
thniii^'hout the summer months; and it is not at all un* 
rnM|uent that quite a hot wind may prevail for a short period 
even in Oelolier; the weather generally, however, in .Septem- 
)a>r and (><'to)MT, is genial and pleasant. Novemlier also. 
repix-.‘s-nting the lo’ight of spring, is usually characteriml by 
tine, warm, and sometimes even hot w'cathcr. It is not at all 
unusual to get a large rainfall in ttctoWr or November, 
.sometimes giving ris4.> to extensive Homls ; in some seasons. 
lioweviT, tin* rainfall afu*r the comnieneemcnt of (Molier 
dimiiiishe.s cotisidembly, and frequent dry and even hot 
northerly winds in NoveinWr parch the grass and other 
herbage, giving to the plains and lulls a suid-like appear- 
anee ; hut in others the {lastuie tt'mains green till January, 
and in many fuirts of the colony throughout the year.” 
[Notwithstanding this {larehcd appearance of the grass, it 
n'tains its nourishing jirctperties for herbivorous animals— 
the im{iorU*d shwp and cattle thriving well u|H>n the jMisture 
of these indigenous grasses, where European grasses would 
alfonl none, 'fliis arisc's from some of the former having 
solid steins, with a kind of ]uth, which enables them to 
resist the blighting elfei'ts of the hot winds, umler which 
hoIlow-Kteiuincd grasses, such as the latter, would shrivel up 
and cminblu into dust.] 

.377. .SMwurtcr — “Tlie summer season includes the 

numtliM of l)('cemlR>r, Jniuuu’y, and Eebmaty. December is 
«d'tcn marked by very changeable weather, and, slthough 
generally hot and dir, it ia not unfrcqucntly bndten up by 
cold and stormy inten’ols, with heavy mine and gales of 
wind. The northerly %vinds liecume more or h'as hoi fccoid- 
ing to the amount and tlistributiun of the rainfall 
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the interior *Umug spring. Vor)* g.vnt chaiigeH of t«*inpt’ni* 
ture often take pUiee in a few lunirs ; for insUnee, a warm 
north wind jm*vaiU in the inorninji witli n tem{M*mture 
reaching ju; higli tis 90’’ or a lull in the aftenio«*n is 

«iuickly followvtl hy a stn'iig hret'zo fn>iu the S.W., and the 
t«m|H'raturv U-cuuies mimed to (irv or f>U in tifteeii or 
twenty lainuti-s. The highest mean tempemlim' iwcura in 
January ; February, idin.*, is often characterised hy great heat 
aU'l dryness. It is during these months that the northerly 
wimU Iwoine jhTfeet sinavos for short |ieriiHl.s,aml it the spring 
has Wen dry, extensive bush-!iri'.s oee>ir on the plains ami 
in the fore.sts, giving rise to a consitlenible inen-ase iif tem- 
perature, ami sujK.*nidding to the already unplea'-ant state of 
things a sm»>ky and lurid atmtesphen* c*ver «'oiisi«!emble ain'as 
in the vicinity. Although unpleasantly hot weather very 
fretiufutly intervenes throughout the summer months, yet a 
large, and often the largest. jH)rtion of tin- weather i> line ami 
pleaMint, with cihJ s lutherly or S4»uth-wettt*‘rly wimls. 

378. Autumn a s«»«v.;o/ Spring. — “ The antninn wasoj>, in- 
cluiliiig the months of Man;h, Af*ril. ami May, although sub- 
ject to stonuy weather, g-ales of wind, and huge rainfall 
e.specially in its earlier part, and following the equinoxes — 
may neverthc‘ie.ss he ealletl the most genial and beautiful 
portion of the year. It conulifnif’ji a lurnmi spring ; for so 
s‘sm as ergetation rr.^firps the mulstnre it has thirstnl tor 
during the summe r, tlo' iinligemtus plants and trees put forth 
a growth that ofh.u rreeeds that of spring. Tin* teiiiperatur*) 
on the whole maintains a mcslerate mean ; the mutherly 
wind.s now Iwconie cotjh.T, and wJar nidiution is eoiiHulerahly 
re<luced j heavy dew.s fall at night, and sometiin«*s towards 
the end of thi.s seiuum fog oecun* during the night ami c>arly 
morning in very calm weather. In April the mean tem])ei- 
ature is *>9’, and in May 53’. 

379. Winter Stormy awl Rainy . — “ "NViuter ineltides June, 
July, and August. This season, though usually inarke<l hy 
frequent rains and strong w'imls, esiMjcially from the north, is 
in some years remarkably «lry, with a small rainfall ; the 
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t4L‘inix!nititn« )Ioo« ncit reach ito minimum till the middle of 
July aud the l>cginmn;' of Anguat, an<I seldom in Melbourne 
falls inucli Isdow freezing point. Ice and hoarfrf>8t •'•ccur 
geimndly <inly on a vuiy few occasiotw during the winter in the 
ni’ighlwmrhiMid tif Mtdhountc — the fonner srjmetimes attaining 
a quarter of an inc-li in thickness. At higher levels, howeviw, 
l'ro^t and ice liave la‘en oli8er\'e«l as early as May, and form 
tiiiich nion* frc'iineiitly during the winter months than at the 
lower levels ; the highest luountaiii-suiiiinits, t<iO. are in most 
hea.sons seen to he clothed in snow liy June, and sometimes 
as early as the iM-ginning «>f May. Tlic HtroDg(«t winds in 
winter an* usually fnan the north, from which quarter it often 
blows with gn*at violence ; wind fntm tliis direction is drj', 
and usually very cold at this season.’* 

/>roi/<//(/s Ilf Liiitij Cnntinuaue^. — “The worst vicissi- 
tude to which the climate of Victoria is subject, in common 
with .Vustralia genendly, is the «iccasional droughts. These, 
as idn*udy stated, np]HUir to follow those years charactcriswl 
by umusual niinfall — a fact that has given rise to conjecture 
that Isith the excessively wet and the excessively dry seasons 
are |M*ri<Mlicjd. The last drought to which the colony was 
subj«t<'t exteiuhnl from the summer of 186A to almost the 
wintiT of 18(j<5, and was doubtless due to the small raiufall 
ill the autumn and spring months.” 

381. TVie Sramms in AVir Zealand /nt'mtralde for Aijrietd- 
hire. — In New Zi*aland the recurrence of the seasons approxi- 
maUw more nearly to that of the British Isles than any other 
region in the south hemisphere, on account of its insular 
position, and the cool latitudes the southern islands ore placed 
in. “ (lenerally sjieaking, the seasons may bo said to bo re- 
tarded as well as reversed from those of England — that is, 
continued lino weather cannot be relicil on until after the sum- 
mer solstice ; nor does bad weather set in until about the end 
of Juno. From September to Christmas may lie odled grow- 
ing weather ; from January to March steady ripening weather. 
As far os the experience of nearly six years extends, suRicieni 
moisture for the growth of cro}is aud vegetables may always 

2 0 
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be loUed od, and bad barveat wpathcr ia unknown, H ui 
impoaailde to eoncoivo a state of the soaauna more favoniable 
to agriculture. .... The cHmato lias a very stnisibUt influence 
on the productivvne.^ of the s*'il j for even the told clayey 
earths, which an at a very trifling depUi all over th«‘ 

hilly and undulating lands, U-iyune extn'niely pnHluctive after 
having been well tuminl over and eXjKjeetl for «oHn* months 
to the action of the atmiw^phen*. .... The gK*at influeitre 
of the climate on the pnHiuctiveneaa of inferior soils is very 
ap^>ai«ut. In the com[»!umUvely sandy Kdl of land which, 
varying in breaiith fr<»m a few hundred yaid.s to thre«* or four 
miles, skirts the sea-slioie beiwt'en the bltiffs of l*ari|)ari and 
the n<'»rth- Western extn'mity of the district of WellingUm, 
{wtatoes, as well a.«s other vegetables, aw grown with gtt*al 
success by the natives. In the iromt*iliat«! vicinity of Wuikanne, 
and several of the neighbouring native villages, the traveller 
is often surprised to find that even the careless agriculture ol 
the natives can reap such excellent crojwftom what apjw-ar t4i 
be mere .•andhills ; and it seems dilficult to explain the fact 
otherwise than as the elf(.«C't of the goniid climate, which is 
better perhaps than any other in the world ailculated to 
enc4>unige and pnimote the \*igorou8 and healthy gn>wth of 
animjd as well as vegetable life." * 

382. Fi‘rtilitij of CrojMi attrihuted to thi‘ lurtjti Sufijtly of dor 
Umic Aeifl Gas in the Air. — According to the theory wc have 
]mt fonvatd in these pages, this n*markahle fifli'ct of the atmo- 
sphere in rendering the pooosr soils of New Zealaiul prodiudivc 
is probably due to the aWirjitioii of its large supjdy f)f cnrlsmic 
acid gas. The effect dcsscrilied in the foregoing extra*! will 
be better appreciated by the cultivator of lands in the north 
hemisphere, when it is understood that no indigenous animal 
manure mingles with the soils of New Zealand, simply liocanse 
there w.jre no herbivorous or carnivorous manimals in tln-sc* 
islands liefote the white man visited them. 8in«^* then tli** 
colonists have introduced sheep and cattle, but they had to sow 
European grasses, after extirpating the fern, to obtain proper 
* ' Handbook for New Zealand,’ issued by Canterbury Asnociation. 



parturage for them. In doing so they found the aoU and 
climate admirably adapted fmr every deacription of European 
gruwea ; and theae may be aeen growing in greater luxuriance 
u|M)ti the thin suila of the country than on the best-manonsd 
lunda ill (Iriiat Uritain. Tliis can only bo attributed to an 
abundant natural aupply of the elementary food of vegetables, 
iin{>artcd to tlio aiiil by the atmoaphere, and cannot be the 
mere elFt'ct of a genial cliiiuite, which no chaibt baa a certain 
influence, but not autlicient to account for the extraordinary 
development of vegetation in Xew Zealand. 

3S3. J)!ff>‘renefi in Volume, nf CunstHwenU Evidence thai the 
Pttrtichv o/ the Air do not univereally intermingle . — The gen- 
eral infercnc(i to be <lrawn from the foregoing data is, that the 
atmoHphere, in itri circulation, dtjce not mingle ita gaacoua con- 
Ktituentri from pole to pole, as popularly understood, and as 
(laptaiii Maury haa endeavoured to abow by the ingenious 
hyiHitluMis ulreanly mentioned. It would apfiear tliat the tropical 
and tvpiatorial Indta of calms act as barriers to polar circulation, 
while they circumscribe the limits of the great aerial cunenta 
Ixttween them and the poles. In discuasing the phenomena 
of tile trade-winds, we ventured to suggest that each current 
of air einnilaU'd Itc’tweeu the belts without crossing the equa- 
torial xone of calms. ( hi the same grounds we may conjecture 
that the wesU'rly wimls tliat prevail in the temperate aones 
rarely or ever mingle with the trade-winds, from which they 
are divitled by the tiopical ladts of calms. This is especially 
observable in the west winds of the south tem]KMato cone, 
whieh blow with ns grt'at steadiness and regularity from west 
to east as the southH‘ast trade-winds themselves, if, indeeil, 
they are not constant, more or less, in that direction. Master- 
mariners trading Ui Australia know this so wtdl that they 
never atUmipt to make the return passage by way of the Cape 
of (io4m 1 Hope, as they would encounter a h^-wtnd and 
current, but avail themselves of its complete circle round the 
world, and soil homeward-bound by way of Capo Horn. In 
our long sea -voyages wo have made this passage across the 
South Atlantic, the Indian Ocean, and the South Pacific, back 
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to tlie paint of departuio—Uieroby eiitumnavigiitiiig the globe 
between 3(^ and 5<r S. lat.» sailing befoie a constant wcatorlj^ 
wind 80 strong aiiit steady that Uio distance uf 18,OUO miles 
lias been accomplished in 75 days by sailing xvmdn^ making 
an average of 240 miles aHtay. The U^tiiuony of Ciiptiin 
Maury on thU jioint is even luon* roiiclusive, «!ul is valuiibie 
in this instance ;is coming frv*m the higltest utin **rity on the 
subjivt, who supports the |H>lar eirt'uKuion uf ih< ;iin*»->|*lieiv. 

3S4. Miiiitf/if Account *ir *‘//r?irv ir^vr/ 11^ ' /'j th^ 

Sfuth My own idiStTVations/* stati s, “atel 

the exjxTienro of mariners who arx» miing ii> i-s in 

these reseaix^hes touehiiig ami air, sht»\v that tin- wt,Nirrly 
winds, which Mow counter to the tnidrs «ui ih*‘ polar sid»* (»f 
the ti^pKMl calms, an* mmh more ^tead), iind e.>n 

slant in the smiihern than in the northern hemisphen . 'fhe 
former have won for lheins<*l\e>, among nurirn rh, tin* name 
of the ** brave west winds’* of the extra tropieal soutli. Tin y 
are quite iis constant from the west as in the N<uth AtlanlM’ 
the trades are from t‘ne east. Sailing with them to and fn»m 
Australia^ ships under canvass uUme have ulbiined a speed 
and accomplished runs which steam luis never enabled any 
Vessel to reach. In two months’ time, and less, vessels have 
jK'rfonned voyages of complete cireumiiavigalion ls;fore these 
brave winds.” And, iigain, he alludes to tlmin in aitoiber 
]»assage as follows: — “To apj»n.*ciate the force and voluim; uf 
these jK)lardx)und wdnds in the southern hemisjdiere, it is 
necessary that one should ^ run them down * in iiiat waste of 
waters beyond the iiarallel of 40^* south, wliere ‘ the >vinds 
howl and the seas roar/ The billows tlu?re lift thems4‘lves uj) 
in long ridges with deep holloww l>etwecn them. They run 
up high and fast, toasing their white ca]>s aloft in the air, 
looking like the green hills uf a mlllng prairie capp<;d with 
snow, a^d chasing each oilier in sport. Still their iiiandi is 
stately and their roll majestic. The scenery among tliem is 
grarnl, and the Australian-bound trader, after doubling the 
Cape of Good Hope, finds herself followed for weeks at a 
time by these magnificent rolling swells, and lashed by the 
‘ brave west winds ’ furiously.” 
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385 . Hf}tankal Evidence in favour of our Theory eoih 
rtumm as to the disparity in the Volume of the Carbonic 
Arid One in the North and South Aerial llemiepheres . — It 
rf^quinm nn |in*fouii<l knowledge to gee that guch a gtroiig 
rurreiit cif air, Iilowing almogt {ier{K*tuaIly from west to east 
in t4*(iiiK>nit4« latitiKles, and circumgcriTie<l at ito tropical 
l»oundarv hy a'liolt of ailms, woiiM prevent the mingling of 
tin* j»iirti< IvM of air in the south with those in the north tern- 
penile* if ind«‘iMl it d<K-s not prt'V€*nt an intenningling of 
the air iindrr tin* iiiflin’iiee of the tnwle-windK. On the other 
hand, it r«Mjuin*s a great deal of scientific faith to Wlieve in 
the j»mrn«*y t»f Oajftain Maury’s imaginary {article of air from 
oin- jMile to the other, with such intricate ups and downs in 
it-* «*tuir-e acr<»>s tin* calm-lndt**. Itut even he s<*em8 doubtful 
of his ljy|M>tht*sis as regunls tlie emssing of the “brave west 
winds” through the 8outh<*rii f-alm-lndt. Altliough he con- 
siders he ]uiH Mitlicient evidence ts# show that crosHings take 
placf* in llie n(*rtli heinisplicre and at the equabir, he says, 
“ I Jut the eircuinstaiK'es going to show the crossing at the 
cilni'i <»f (’aprirorn diil not amount to evidence ; the crossing 
was only infercnc(> dmwn by aiialog}\” Thus, acconliiig to 
tlie propound4*r of the polar theory of circTuIation, it is fK«s- 
siblc that th«‘ air in (lie soutlv teiu|K*rate /xme may not cross 
the tropic, if cvi<len<‘«' Im* found to rebut an “ inference drawn 
by analogy.” With iK'coming deference to the opinions of 
suidi an ciiiiiuMit authority as Ciiptaiii Maury, we think tliat 
we have furnishccl liotanical evulence which gtK^s t<i prove 
that !!(» such intermingling takes jdace, and tliat there is a 
disparity in Ihi' volumes of the atnuxspheric constituents in 
the t\vc» hcmisphen*s, or at all events Wtween their temperate 
regitma. Moreover, instead of this difference Wing unsuiteil 
to the flora and fauna of one. lieniisphere conveye^ to the 
other, we have seen how tho flora of the north flourishes 
mojv luxuriantly in the south than in its own indigenous 
latitmles, ami wh? shall no>v pnweed to show how the fauna 
is affected, and esiKjcially Imw Europeans thrivo physically 
under the hygeian influences of the Australian climate from 
atmospheric causes. 
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ni'?:sark'% |‘ni^*tKAl !US'tion af our tl!o<^r> , § l*r'' 

jMerty f \'uh«,4 «'^xyi;vn hy 

iki% v<.lu?nt' »*f ot\i;i*n ui tht* Au^tniii.in «ir. Thr vwr 

i>f Au^imlja e\h:ilf> *>\>.!vn coiiUnu ku^ily. -PrM 

f>f oi) iTx-i ta aintaul hfc, 31^).— PnO^aMf 

in vnUiin^ the m tin* unrlh a!»* 1 v*uth hofiU'^pht ri'j*, iRM. — 

an 4 \U eflkvU \i|v>h the Initnaii U. - <'hinA 

ainl Auj^traSui pr«ts«iit the f;n;ateAt confniAtH in HAluhrity uikI inHnlnhrity 
of rltTnaie, — VUaI AlAU<Hir’!i of Ohina »hr)wi!i); itn ni%.ilubnty tn»m 

exreMrti%’e |»opntaticm, Prk'valenee wf filth in Chiiixi lK>lh in town ami 

rounlry, extent of Jauil wrupu^l IfV toinlw of ari« ej»lor?» in 

China. 39^1. — C/hineae roflins are iiia<le to last for jreiierjitnitis, 397. - ' Re- 
«ia«*tion of oxy*:«;n in the air of C'h^ hy the reaptmlioTi c»f the |n»opI#', 
39S. — Monaoon win<la ami ^eofnii|»ntc*al i>ojiilion in t’hinu prevent fns* 
nrrulation of air, 399. — ilisence of foreaU in t'lnna ami Kvim ily of large 
trees, 4*)0. — rrevaleme of virulent ephlemic ami emieniir ilineiutes in 
Otina, 4ol.— I)r HoWjii’h rej>ort Uj»on the claasiHi of iliseaees in Canton 
ami Shanghai, 40*2.— Dr flemlerwnrs remarks ui>on the rlimate of Hhang* 
hai ami its envinms, 403. — Oreat mortality iluriug the auminer at Shaiig' 
hai, 404.— Sitcldenneas of lieatlt ami rapidity of corruption in (1nna ex* 
empHtie<l, 405. 

386. Introductory R^mark^ on the pra*^tical Sertinn of our 
Theory,— iliacusning thw question .so minnt<?ly may 
appear to the remler uselena, as it is a iuatt<!r of small import- 
ance whether- our theory l»e right or wmng. If it led to no 
other than sr>me l)aiTen conclusion, we wouM ahaixJoii tlie 
inquijy' at this stage ancl apfd<>gise for taking iij) tlxj remli?r*H 
time an apparently straw-splitting discussion. Apart, 
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howevor, from the inlenfk of tbe qiUBtioii in p(^ 

of vieir, ottr prindpol motivo tot entering Anther into it ie to 
stiov that there ere heeling infloenoee in the eontii emial 
hemiephere capable of restoring afflicted htimanity suffering 
from (liai'aees (especially those ef the respiratory <ngans) to a 
state uf health which they never eigoyed in the north ^mt> 
sphon'. Tliia, therefore, may be considered the practical sec* 
tion of our work, in which we shall endeavour to prove that 
our theory, however much it may be disputed, leads to some 
usfful object in the end. Hitherto it would appear as if the 
learneil denizens of the north hemisphere ha\’e considered 
that it in<-ludfd all the physical phenomena of the world, 
almost ignoring the disparities existing in the south hemi- 
sphon* by considering it merely a counter|»art of its antipodes, 
or only citing particular fa<‘ts in illustration of some general 
•{iifstion. There are exc4'ptions to this chtss of Umiteel philo- 
sophers, among whom we may mention tlie renuwnol Hum- 
Ixililt. who in his writings has |>ointed out the wonders of 
the South, in graphic and ehujucnt language, on the ‘Views 
<if Xatiiit' ami the .Suhlime Phenoinciia of Creation ’ in the 
continent of South America. Humbly following in the fmU- 
sieps <tf that great luniinaiy of science, if we sucemi in 
thniwing any new light ujwn the physicsil phenomena of the 
south hemisphere, our fondest aspinitions will l)e attiiinctl. 

.‘IST. VroiH'rttj of exhaling Oxggetr Ga« jKteeeneetl hg Vege- 
Uitiou . — In tluA foregoing disquisition regarding the effects of 
vegetation on the constituents of the atmosphere, the prin- 
ciple extunplilitKl has been that of almirj^tioo, or the extrac- 
tion of a gast'otts element from the air. Wc shall now pro- 
ceed to examine an (»pposito property, wherein the air receives 
from vegetotion a {mrtinn of its great vital constituent, oxy- 
gen gas, by expi ration. ** Plants, like anim^ are therefori' 
pn>vidod with a kind of respiration vrhich, in the •former, as 
in the latter, consists of two phenomena — inspiration and ex- 
piration. This function is very perceptible when wo immerse 
the branch of a tree or a young plant in a glass boll filled 
with water, and exiioso it to the action of light There is 
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then seen rising from its surface a gn^at miml»er of iiniUl 
bubbles^ which are fonnecl of a very pure air almoat entirely 
conipc^l of oxygen gas* On the ullier haiul, let the ex|H*ri' 
mont he insule in a <laik plan', ami tin* leavejt will expire 
carlKmic acid ami nitrt^gen ga-*-. but no ♦»xygrn. It immt 
here he can tully nmarkiaK llul all tie «‘tln*r |wiri^ <if tlio 
vegi table whii'h an* ml vi a gnvu eoh»\n\ ,Hurh tts iht' 
the Kirk, the lluwar^', ami ih*' frvi:t>\ wlu‘*ii >ubjt*rt**il to tin* 
same exjKTine nts, ahvay** i-xhale carK*nii :e*i*t but m vt*r 
• xygeii. Consi*»|ueiilly llu* expiri:i»*n »»f owgrii gas ibw s not 
<l>'p>‘ml solely UjH*n the tlir>*ci inlUienoe of the rayn of light, 
]*ist aU.» u{>*>n t!u gn‘f*n colMuring of the parl>.’* * 

i*/ an Vt*inna i*/ in the 

AuiitraUtiH Air. ' h i us apply tlnsi* wt*ll .isrertaiiml 

fa»U in vegetable physiology to the phemmena t»f f«»liage 
generally, as a generator t»f oxygen gas. Where the tre« s 
ami shrul>s are eveigreem ami the sunshine is bright ami 
most frequent thn)Ugliout the year, it is logical to infer that 
a much larger pr)iM»rt ion of oxygen must be giveti fortli to 
the atmasphen* than whea* tlie slirubs uml trees are <leejtlu> 
oils, and the sun s rays are fn*«(uently ol>scured by elomis ami 
vajxjurs. Such are the comparative efianieterislies of the 
vegetation and climatic conditions of the south ami north 
tfim|x»rato re-giiiis res[s*clively. We liave seen how tln^ 
foD'sts of New Z<;aland, Australia, South Africa, and South 
America are jierjHlually green with foliage ; and it is ^•<|ually 
demonstrable by imdeonilogical registers in these regions, 
that abundance of siinslnne is the rule at all s(*a.sons of the 
year. Nothing is more striking to the oljservant traveller in 
South temperate regions than the reanarkahle c*learneHs of the 
sky, and its cloudless for ilays and Homotitnfis weeks 

together. In Australia we have experieiiceii these continu- 
ous days *>f glowing .sunsliine so fis to pall upon us, and wc 
have felt a nifnishing relief at the sight <if a cloud porteml- 
ing rain in the heavens. Still this glowing uiiobstruct(*d 
light and heat from the sun was never oppressive to the 
* Rhtnd’s * Vegetable Kingdom.' 
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M'nnefk On tho contrary, our animal apirita were invigo- 
mU*(l ; and in riding through the uncultivated wildemeaa of 
tliht mimy south land, we have felt a buoyancy, an exhilara- 
tion, niiiouiiting Ui a d«^ree of intoxication of mere animal 
(‘xirtUiitre, that wu never have ex]N*rienct!<l in the north hemi- 
and which w'c can only coin|)nre to a mild degree of 
the HcnKiitiou cX|K;ri<fnced from inhaling nitrmu oxide gas, 
coiniiKdily known ti« “laughing gaa" fn»m its agreeahlc effwts 
UjMin thf Hysti-in. Nodouht this ari,«<!s in sonic nu'asuK; frt.*in 
thi- dryness of the atmosphere; in tropieul climates we find 
that an i-<jtial ilegns* of heat with humidity creates j»rostra- 
tioji of tie* animal spirits. Nevertheless we are of opinion 
that the jtn seiiee of ii gn*ater volume t>f oxygiui in the air 
inhaled has soini>thing to do w'ith it. us now inepure 

what data e.\ist to .siip|Mirt .such a hyis»thc*sis. 

lisp. En'r-jn-tn V»uiH<itlnn »f AuMrnlitt fjrhnl<‘« Oxtj- 
t/rn rnutiinintmltf . — We have almaily «lesCriltcd the evcign-eu 
!i.sjK;ct of the Aiistndian trees, and the manner in which the 
leaves of gum-tn*e«, the euoift/j>h' .of liotanists. are placed 
up«in the leaf-st,ilkH, with their wlgf« upwanls instead of 
horizontally, as in tleciduous trees gi-nerally speaking. Tliis 
dispo.sition of leave.s, acconling to the principles laid down in 
vcgetahle phy.siology. as already given, is adinimbly adapt<*d 
for the greate.xt jMissihle volume <»f oxygiui gas lieing evolvol 
from their .superlhdes on hoth sides. It has lH*en further 
ascertiiined hy eX|H*riment that leaves do not exhale oxygen 
<iuring the night, nor in the dark umhnigeous shade of a 
forest during the «lay, or only in a small degrot‘ com|MinKl 
with tlmse exiKwtil to the sunshine. Thus in forests where 
umhnigeous trees, having a maximum t*f leafage — such as the 
sycamore, chestnut, aiul elm — pn*«loininBto, the more they con- 
tributo to creating the cooling shade by tho density of their 
foliage, the less is their utility as vegetable laboraftiries in 
pnalucing oxygen gas. On the other hand, the jieeuliar dis- 
ptisitiun of the gnm-tree loaves presents a minimum surface 
of ohstnicUnn to the light ri'aehing the lower bronchos, while 
tho leaves on the upper branches receive the direct rays of 
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the son daring a sunny day on each side, forenoon and afier< 
noon, with all their intensity. l'onse«iueiit]y, although the 
foliage of the Australian forests is sninll (r<ini|Mued with (lie 
broad-leaved trees of i>ur Knglish wtsuls, yet the «u|*«*iiieies 
is doubled in |K'rfonning this vital function of their organisa- 
tion. And when we take into consideration the {dienoiuenoii 
of penuinial foliage in the one case flourishing tliroughout 
the year, fn«m geiienition to genenition, while that of tlu’ 
other deserts the hranchcs for half the year, wc may comdude 
that the Australian tret's snritass them in the volume of oxygen 
giis they generate. Also, as they never eea.se to evolvi* their 
daily supply of thi.s vital constituent for the healthy sup|Kirt 
of animal life, the atmoaphere is moie etjiiably chargi'd with 
it in the south temperate zone than in the north, wheix', dur- 
ing the six months’ denudation «»f foliage, there i.s a ces.sition 
in the evolvenu'nt of oxygen gas from this source, while its 
consumption by lung-rt.'piriug animals giK*8 on all the Juime ; 
and ill civili.sed countries a greut<-r consumplion t:ike.s jdace 
in supiKirtiug eombu-stion. llenc** wu may reiisoiiably infer 
tlmt during winter in tlie north temperate, zone there is pn- 
Iwbly a slight diminution in the volum4* «tf oxygen comparetl 
with tin* quantity in thft atmospher*; during tins summer, es- 
pecially in the ‘’leafy mouth of June,” when tin* wootls aii<l 
forests present their greenc-st and den.se.st foliage to the sun's 
rays. 

300 . Proj>*trtii>» of Ori/tjen (}a» in mpiwrihuj Animal [.iff. 
— In this age of {sipiilar scientific literature ami institutiuiis 
for the advancement of science, almost every iutelligeiit per- 
son knows that oxygen gas is the chief life-giving element of 
the air we breathe. As carbon is the groat supporU-r of vege- 
table life, so is oxygen the pabulum of animal existence. 
Experimentalists have satisfactorily demonstrated that no 
animal Vith lungs “can live in an atmosphere which diHts 
not contain a certain {mrtion of uncombined oxygon. I’lire 
oxygen Is too highly stimulating fur animal existence ; ami it 
accordingly appears that it is owing to tlie pniportion in 
which it is combined w’ith nitrogen, in our atmosphere, that 



TRI AIR. 


305 


it becomoA preciiiely adapted to the sappori of life.** * In 
the prooew of rettpimtion it ia more or kae eonmiiDed by 
iibHorfttioii into the syeteni. “Tlie great end w}uch appears 
to })o aiiHWcred by respiration is the remo%'at of carbon, in the 
f*>rm of rarhmic nrid, from venous blo<sl. This gas is accord- 
ingly found in the air which is expired from the longs; and 
tim MimmI, luiving lost its carlsmic aeiil, at the same time 
loses its dingy hue, and acquires, thmugh the inludation of 
oxygen from the Jiir, the flori<l red which chamcterises arterial 
blood. Ri‘H]>iratir>n alt4«mates with inspiration, which takes 
p!a<<' almut twenty-six times in a minute, tliirtwn cubic 
inehes of air Ixung the average quantity taken in at each 
iiisjiiration.’'+ <tf this volume, one-fiflli. or s^iv two and a 
half «-uhie inches, is oxygen — a quantity which the averag*^ 
human iN'ing withdraws fnun the atmosphere every two or 
thr»*e s«*<ond.s, and then'by nsluces it« life-supporting pire 
IsTtics .'M'ciinlingly. The effects of this exhau-stion of the 
vital element in respiration are constantly itwiirring in ill- 
vviitilated nwuns, where large numlH'rs of ptvple assemble, 
and its fatal rr'sults are nHiordwl in the terrible sufferings and 
death of the priscmera in the lU.ack-hole at Calcutta. 

t3lU, Pn^lptUf Diit/Hiritff in VWume of the Oxygen in the 
Xorlh anil Smith Hemiepheree. — Seeing that the inhalation 
of pure oxygen into the n«pirotory organs creates an extra- 
4inlinary exciteimuit of the animal spirits, and that the reduc- 
tion of thus gas produces complete prostration of the vital 
etterguts, we may infer that what is seen so vividly at these 
cxtrtmies is observable in lesser degree towanls that point 
when; the healthiest combination exists. On the one hand. 
whcr(> the volume of oxygen is Irelow the standard, the indi- 
vitlual hrnathes with diiliculty, languor follows, and if the 
respiratory organs lie wivik, bronchitis and pulmonary com- 
plaints ensue. On the other hand, when the proporAon is at 
or slightly alsivo the standanl, the lungs have vigoraus action 
in purifying the blooil, giving strength to all the organs of 
ri'Mpiration, and proUnsting them from disease. Futihemiora, 
• Ogilvic, * Imperial Dictionary.' + IhM., Art. "Rwpiimtion 
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where may have set in. the ri'inoval of the |)jitient 

from the one atmt>s|>lierie eomlition to tlie i»tlier will eause 
its pro^rrt*ss to U' arrest ihJ, if not cim‘tl alto>:etlier. Sueh are 
the general phenomena ex|M'rienceil hy j>ersi»ns living in the 
tem]K'rate n‘gions of the two htmtispheres, whit h we attrihule 
to a tleei\‘:vse of this vital eimstituent in the north, while its 
original pn»jM^rti(m is imvintaineil in the south. It may ho 
mlvaneeil, in opjHwition to such a hypothesis, that the <«»n' 
sumption of oxygen hy human Inings ami air-respiring ani* 
inals is so intinitesimal compan^tl with the im^xhaustihh* 
supply in the atnn»sphere, that it can have no elh‘ct in tlie 
tliminuiion «)f its volume. To this we ivpiy, that as thf*re 
an* no tlire<'t analyses to supi><»rt either argument, we may 
inquin' what imlirecl dtiiiv ran In* fimml to sustain tlie views 
henun expmsseil ; ami as we have pointed out <*(‘rtain nega- 
tive evifleuces of a diminution of earhonie aeid gas in the 
!e>rth aerial hemisphen^, so may we find imlieations of tin* 
oxygen gjis having h*8sene<l in volume, while the south iv* 
tains its primary proportions. ♦ 

392. (Jliumfe awl //s u/nm Ihf* Unman < ^om^iitntlun 

ihjifwtl . — Pursning our inquiries in tliis din*etion, w** are 
naturally led into the eonshleratioii of lluit iiiipc»rtant hram Ji 
of atnuispheric phenomena called Climate, whi<*h is detennined 
hy IIuml)oldt a.s follow's; — “The term cUmatf^y taken in its 
most general sen.se, indicates all tlie changes in tin* ainne 
sphere which sensibly fiffect our organs, as teinpeniture, liu- 
niidity, variations in harunetrical pressure, tin? calm staU? of 
the air or the action of op|M;.siie winds, the amount of elcctrie, 
tension, the purity of the atmosphere or its iidrni.xtur(! with 
more or less noxious cxlialations, and, finally, the degree of 
onlinaiy^ tmnsparency and cIeanie.sH of the sky, which is not 
only iin[K>rtant with respect to the incre^used mdiation from 
the earth, the organic development of jdanis, and the ripening 
of fruits, hut also with reference to its influence on the feel- 
ings and mental condition of men.” To these general condi- 
tions we ventimj io ad<l ; And for man it) benefit hy clirniite in 
the highest degree it is necessary that the air he breathes 
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hUiiuM I'oiitaiii ita full pr(>iH*rliuii (tf uxygun gaa } when; that 
in (Iciiciuiit, wo ooiitoiul thiit thu in«>Bt r<>liUKl in<livi<luul can- 
not thomu^'hly onjuy all tliu cbangos in tho utiuusphoro that 
hoiiHihiy ulfoot liin or^iia. 

3U3. Chinn and AuHtralin prettfnt the ijreate»l Contnutu in 
iinluhrity and lunnluhritj/ of Climate. — In lo<>king over the 
ina|> of the north lioiiiiajthoro for a n-^^on to iUuatnite in ita 
nnwt vivid manner thu clfocU of (Htpululiun on cliiuato, we 
<'ann<>t ronlino otir ohs4>rvution» to thu limited area of the Brit~ 
ish ItilfS, or oven thu continent of Kuro|)e, if wo have to ol>- 
,si-rvu th<‘ (treat o{iemtion!4 of natun^ in her atnioaphcrir lalio- 
ratory. It ia in Asm, e.‘>{M.‘cially in the hir l’^<st, w'here Die 
empire of China supixirta one-third of the human race, that 
we find e.\ani|>le.-< of the extn*ine of malaria and ili^eaae, 
eau.sed hv a low Condition of the vital conatituenta of the 
atmosphere in thu northern zonu. On the other hand, we shall 
sele4-t among thu n-gions within the intluencu of the south 
tem|H-rate zone the island-continent of Australia, as the spars- 
est-|M!upled Country on thu face of the earth, revelling in the 
enjoyment of thu healthiest climate, where malaria and untie- 
iiiitr diseases are almost unknown. A gi^eater contrast Itetween 
the salubrity and gunend climatic coudilituis of taro regions is 
not to Ihs fouml in the worltl than those of China and Austra- 
lia, i!uuh rupn-sunting in the. highest degree the differences of 
geographical and atmospherical phenouvuna in their res[iective 
honiisphen-s. Having tlwelt in lioth of these countries for 
many yi>ars, ami tmvclled thousands of miles through them, 
cart'fully observing their jdiysicol geography, and especially 
thu uffects of climate U{H>n the indigenous inliabitants and 
Kuroiman resiilents, we shall give the result of our experiences 
and olmcrvations im])artially, with a viewr to open up further 
investigsition on the imjmrtant study of climatology in tlie 
southern hemisphere. Kogarding tlio accumulation «of facts 
on this subject in the northeni hemisphere, from colonisation 
and long residence, Humboldt records hU opinion as follows:— 
“ The progruss of climatology has been remarkably favoured 
by Uto oxtonsiou of Euro^wan civilisation to two opposite 
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coaBtAx-l*y it« tninsmi-ssioii fn>in onr vhon'it lo n .on 

tinent botmded on the c«iwt hy the Athuttk (.>ceai). AVhen, 
after the ephemeral eolouieation fn»m Iceland and Gnwuland, 
the Baritidt laid the foundation of the firat ponnanent eottle- 
nents eo the ahmee of the United States of Amcarica, the 
enigrants weee adoniahed to find thmaaelvea exposed to an 
intemdty of vinter eold far exceeding that which pievidled in 
Italy, France, and Scotland, mtoated in oonvaponding pnrall* 
els of latitude^'* In like manner the colonisation of Aostmlia 
has enlarged our views of climatology, hut in a more g(«nial 
sense, as a region that may be considered the gnunt sannUu-iiuii 
of the world. 

394. Vital Statistie* of Chitta, nhtHrintf l7^* InMtlut>rU»j from 
ILrresnVe PofttUaiioti . — Of the two regimis iluw ki'U'cumI wd* 
shall first direct our attention to C'hinn, ns the tn<>M lux ifiit 
existing seat of civilisation, where the most |s>puionH hmtu ii 
of the human race, during more than a thousnnd pMiemtioiio, 
1ms altere«l the face of the roiintrv. ami materiailv clianged 
its clitiuitic relations. In doing S4i it is not nn'esHitry to enter 
into dletails that wmihl involve tberonsulemtion of tlo> efiiiuite 
{M'rtJiining to ear'll provinw- or parallel of latituiif. Ouroh- 
jert will 1 m> attained in taking a general view of its phyMieid 
oet.gTaphy and pipulation. witli an example of the elininte tn 
tiiiddh- latitudes. In the nineUM-n provim‘es now eomprising 
tjhina I‘rr»p<'r the estimated] ana of laml, inelmling lakes ntnl 
rivers, is 1,297,999 s<juare miles, «.r alsmt om'-tliinl of the 
#nj»erfirifa of Kur»»pe ; and the (Ntpulation, lu-ronling t*» the 
latest computation in 1842, 4l4,f»H6,994. At this rati«* the 
continent and islands of Kurojie, were they as denwly jutpu* 
lated as China, would ermtain 1200 milluiiis of {MTSdins, or as 
many as the whole human race existing at present ; wherejis, 
by the census drawn up in 1851, the inhahitants of this sec- 
tion of Ote globe do not count, in round numlx'rs, more than 
260 millions. It will be remlily conceived that this enormous 
population, crowded within a limited territory compared with 
the average of Karoi>ean nations, must constitute a p«>stilcntial 
overcrowding of tlje land. Such is the case, and the effects 
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an- ag>(nivitt«'«l l>r the intenwi heat anti humidity in mim- 
iiier, the HI thy -•’Utc of the towns and citien, the practice of 
maiiuring the lands with human orduK, and, generally, the 
dirty liabita of the people tbemaelirea. To these existing 
causee we may add one that hoe aasiated mateiiaUy from time 
immemorial in Titiating the efrnospliMe Cliiii»---iiaiiiely, 
the remains of a thousand geneiatkma hnried in the huad. 

395. Preeoleaee of Filth in Chinot Mh in Townand Coun- 
try . — The Chinese denominate their country THen-ehaoUt a 
term signifying Heavenly Dynasty,” or, more properly ren* 
derod into Knglish idiom, "The Celestial lEmpue.” This 
high'Snnnding title naturally begets the idea that the.phyrical 
«'undilion of the country and the inhabitants is everything 
that is pure ami unsophisticated. In reality, nothing can be 
further from such a pleasing impression. Man in that rcgioii 
proves liiiiiMelf to Iw the dirtiest of animals, ami his general 
habits and pursuits an* of "the earth earthy.” The cities 
and their environs, the countless towns and villages, and the 
extensive culiivateii lands, are so strewed and imprqmate«l 
withNhe noiiains of the. dead and the rejectamenta of the 
living, that ('hina rr«>{ter may bo designated a vast dung- 
hill and graveyanl, liefouling and poisoning its sultry clime. 
It is a fact too {latent to the olfactory nerves of all travellers 
and fon‘ign n’sidcnts at the treaty {>orts, that the practice of 
manuring the lamls with human oniurv in a li<{uid form is 
universal. Few works on Cliina do little mure than casually 
allude to this agricultunU {imctice, on account of the un|dea- 
santness of the subje<-t. Itut we may be excused from such 
deliem-y, as the fact i.s material in showing the low SiUiitary 
eiindition of the country. Tlie habits of the Chinese in this 
ri«|>ei‘t are like those of the licasts of the field or the dogs of 
a city. AVherover or whenever inclination seizes them, iire- 
8|»ertive of what we adl decency, the common peoplg answer 
the calls of nature, and there ore no gin'emment or mtmicipal 
regulations to prevent them doing so, except in the foreign 
settlements. In the country, where one would ex])oct to find 
fresh air among the fiehls, a noisome stench pievails: the 
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stonewaiv ary sunk iu tlu- j;rv>uu'l at yi»iiVoiiU'Ut Jilat;«*ji for 
thy use of pas.'k'ts -by. Piiriiij; the spriii}', when the rice -lieKU 
In'gin to »lelij;ht t.he eye with their hright-gn’i-n asjaTt, tlie 
•sense t'f smell is tlLs^usteii by tho etlluvia arising frmn the 
lii[uitl iiianun' that eovers the s<>il. It i.s I'Veii wiirs«> at M>ii»e 
parts of the uarrviw lanis that et*n>titute the str»M"t.s of (.'hiiu'M* 
town.s. The tilthiost offal is oathereil in heap.^ at the siile.s of 
these thotoUithfan'S, and privie,s an* open to publie na/e, when* 
the steiieh is so alH)ininable that the visitors bi fon> entering 
them take the preeaution to .>;t\iir their nostrils, thonoh al- 
n;ady inured to the national etlluvia. Almost evt-ry town 
and city is surnninded by a diteh «*r inferseeted with eanals, 
into which the drainage of the ileiisely paeke<l honst-H llows, 
turning them into great n-ceptm'h'S of corruption, that swelter 
at low water under the torrid summer sun. Kveii the nun»e- 
rous and large lakes and rivers that eoi»stitute the chief high- 
ways of commerce, contain an nnu.sual amount of putrid ani- 
mal and vegetable matter, so that it is neces.->ary t<» purify the 
water with alum lK.“fore it can Iw u.setl by foreigners for drink- 
ing nr culinar}' purpo-scii. Such is tho invariable pmctici.'i at 
Shanghai, even amongst the Chine.se. In tho Wong-jMM> 
river that flows pa.st that city, tho proportion of putayceiit 
matter is so large, that in the lieight of summer the water 
iussume.s a gelatinous consistence, which is felt by bathers, who 
seek in vain for a refn^hing plunge inb» the fetid stream or a 
1>ath filled with its offensive water. As there are compara- 
tively few animals in that agricultural country, almost the 
whole of this c«.itTUption arises fram the presence of tlie 
human race forming such dense centres of jM^pulution. 

396. Great Extent of ImwI occui/ied by ToihIm of Anceetore 
in China . — Not only d(a» the present generation spntad their 
rejcctam|ita broadcast over tho surface of the land, to tho 
detriment of its sanitaiy condition, but the remains of ]MU)t 
generations cveiy where impregnate with their corruption tho 
soil that yields the staple crops. Besides the cemeteries 
within walled cities, and the burial-places in tho suburbs, 
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«*vvry farm in (Jhina hoa a [>ottion of the land occupied by 
tile UiuiIm of the fanner's ancestors, for many generations 
Imek. And on the “ worsliip of ancestors ” is jiart of the 
natioiiiil religion, these bimbs are held sacrcil as shrines for 
the devot<>es Ui worship at and jiresent sacrificial offerings. 
Hence they are nin;ly disturlied tor centuries ; and if so, the 
l»)nc.s arc carefully p«-s<-rved in stoneware jars. It would be 
an interesting statistical question to know what extent of 
land is covered with Umibs and used as graves in China. In 
the iiliscnce of such we may make an approximate calculation 
from our own knowletlge, and that of intelligent natives and 
fon-ign tnivellers whom we have questioiiLHl on the subject, 

( If the cultivat4-d lamis it is no exaggeration to state that 
probaltly not le.s.s than tlia'c per cent of the area is C4>vered 
with ancestral tombs, thereby withdrawing fniin profitable' 
cultun> an immense tract of available land ; while the ceme- 
teries and tombs everywhere built among the rocky and 
waste lands may amount to two ]>er cent !io that in all pro- 
bability not less than one-twentieth ]>art of tliis extensive 
country is held as n'ceptocles for the dead, whose remains 
an- intemsl in strong eoftina, most of them covered by brick 
tombs. Within these vaults are buried pn.>l»ably not less 
than a hundreil thousand millions of human beings in various 
stage.s of corruption, each retaining in a solid form some 
portion of atmuspherie vital constituents necessary fur tlie 
healthy comservutiun of the living generation. 

397. Chinem Cojiim are made to Uut for Gmerntiom . — 
The business of coflin-making in China is of much morn im- 
portance than in any Kurojioan nation, and the article itself 
is a more substantial, and sometimos ornaineutal, piece of 
furniture than any hotisehohl piece of cabinet-work. They 
are made of the hardest or toughest timber that can be got, 
from two to three inches tliick, and so closely joined (hat no 
liqtiiil matter can flow through the seams, while a strong 
cement is spread on the inlgi^s of the lid when nailed down, 
so that a Chinese coffin is almost henuetically sealed, in 
order to prevent the escape of elHuvia during the long period 
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bettreen death and interment. Qnicklime ia alao pWed in 
the coffin to neutralise the decomjKwing gasea. In ordinary 
cases the funeral does not take place for thirty or forty days; 
and where the doceasetl dies at a distance fmm his native 
district, the rtmains ate storm'd in houses for the piiqHise A*r 
many months. Tlie nuinbt4 of these huildinga in (’imUm is 
eonsiderahle. On the dmwie of ]M}rsons who have no hurial- 
pla<x* in or near the city, their remains an* placetl in c«»flins, 
closed henueticallr, or nearly so, and are then carried out 
and depositetl in these Inuises, fn^m whence, after inontha or 
years, the mouldering bcnly is lH»rno away t4> seek afliiiity 
with its ancestral dust. I’^mler these «'ircamstanoes it will 
be seen that a coffin is an article of no .small iin]»ortance in 
the sociid economy of the Chinese; ajul it sometimes l»e«‘«>mes 
an expensive luxury where the «lccen8etl has left metuis ami 
instructions for one of 6U|H*rior wcxkI ami workmanship to l>o 
maile. AVc have seen one, in which thr* reinnins of a wealthy 
silk-merchant were interre<l, that cost a sum eijuivulent to 
one hundred pounds sterling. In fart, a iiiiely-inade an<I 
substantial coffin is considered by a ( ’liinainan as an imj)or- 
tiint matter while alive; so that it is not an uncommon thing 
U) see them in the houses of the wealthy as a pnah-nt pne 
vision for, or probably to remind them of, ileuth. As the 
ancient Egyptians hung up a skeleton at tlieir Imiiquets for 
that purpose, so do the nifKieni Chinese display their coflins 
during an entertainment, or at all events have them in an 
adjacent apartment. Cases arc common of the dying patient 
having his coffin brought to his Ijeilsiilo, who gives tjp the 
gliost with greater serenity of mind at tlic prospect of having 
a substantial tenement among the tombs of his ancestors. 

398. Beduetim of (Jxygen in the. Air of China hy the Rf- 
epiration of the People, — While the rfyectamenta and remains 
of this' multitudinous nation contribute largely to tlte malari- 
ous exhalations from the land and water, the atmosphere is 
also largely deprived of its oxygenous vitality by respimtion — 
more so than in any other country in the world ; and there 
is, perhaps, no other habitable region so destitute of foliage 
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for gonoMiting oxygen gm. We bare already referred to the 
voueuniption of thia vit^ constituent in the prooeaa of tespir* 
ation, together with the iinhealthy effects arising from breath* 
ing nir thus vitiated in crowded assemblies. May we not 
apply this cxisirieiico of snnitaiy laws on a small scale to 
atmospheric volumes of a greater magnitude, such as are 
found in the Imdly-vcntihitiHl valleys of the Alps, and include 
even an extensive region like China as under their influence, 
where it is densely tlmmgeil by human beings, and Europe 
with its resjiiring aniiiuilst If the principle of oxygenous 
exhaustion is deleterious to life in such cases as crowded 
nsims, it is strictly logical to conclude that the same causes 
will prislut'c similar results on the greatest scale, not except- 
ing the northcni lUTiai hemisphere itself, w’here nine-tenths 
of the whole human race an* congregntol. Here it may be 
said that, south of the sixtieth {>arallel of latitmle, a thousand 
millions of human Is'ings and niyriaiis of respiring animals 
inhale tlm air, c«>nsuming its oxygenous otiisUtuent even' 
moment of the minute, eveiy* minute of the hour, every hour 
of the «lay, eveiy day of the y»*ar, every year of a centurj’, 
and so tin, <«/ iitfimium. May not this inconceivahle respir- 
ation of the organic worhl — this continual demand upon the 
oxygenous ftHsl of the atmosphere — diminish its vital elements 
genemlly 7 ^fay not the four hundred million |>aii8 of lungs 
in Chinn exhaust the air in that region of its oxygen to a 
tingible extent, just os four thousand pain of lungs may do 
pix^portioiiately within a contintHl area 1 

35)9. .t/oHsrw*n Wind* and Geotfra^dtical PoniUm in China 
prt'Pnd free Circuiaiion o/ Air . — It may l»e mlvancetl tliat 
the analogy tlniwn is ntd applicable, inasmuch as China is 
an iinintuise territory o}H‘n to the Pacific Ocean, from whence 
ahuiulant supplies of fn«k air and oxygen come to renovate 
the vitiatoil atmosphere. This, apimrently, woul<f be the 
result under diifereiit atmospheric conditions, but the pie- 
valont iiumsoon winds, and the geographical conformation of 
the country, prevent a geneml free rirculation of the air. By 
reference to any pniinary map of China it will bo seen that. 
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ftlUioogh tho couutij upi>n to tho east and south along its 
seaboard of 3350 miles, vet t>u its anuttem and northern bound- 
aries it is a'olkd in, as it a'etv, by t!ie stu|KM)duus luoiuiUiiu 
chains and tabh^-lands of TiU-t im<l Tartary. This gtH>gru|iIii- 
cal confunuatioii prevents tlie blowing i‘f any constant west or 
north-westerly wind, so tis t<* s.w«t'p across its e.\t4*nsive low • 
lands towanis the east, and caust^sthe luoiksotui winds to blow 
alternately from the south-west an<l north-east six months nt 
a time during the year. At the change of the monsotin then- 
are calm.-} and variable winds, without any stnmg etisterly 
breezes from the Pacilie, excepting the dreaded typhoons, 
whicli sweep along the ctuist with terrible severity, without, 
bi>wever, disturbing the inland monsoon winds, on uceouiit 
of their rt>tatory motion and limited sphere of aetion. 'I'hus 
in China the currents of air atv ••arriid to and fn* acntss the 
country, blowing from the south-we.'-t during the warm half 
of the year, and from the north-east during the cold luilf; 
and as the ebb an<l flow of a river conveys up and down the 
stream its deleterious |>articlcs, .so may we suppose thi.s gn-at 
annmtl atmospherical tide to act, airrying baekwanls and for- 
w’anU the air vitiated by the n-jectamenta of the dens«>.st 
population on the earth, w*ho must have sensibly diminished 
its vital oxygenous properties, without reia-iving that supply 
of fresh air which other regions, more udvantagiHiusly situ- 
ated, obtain from the atmosphere. 

400. Almerice nf Ftir^st* in China, and Hcarcily of 
Large Treen . — IJeshha the theocratic upixtllutiun of “(Jules- 
tial Empire,” the Chinc.se name their country Chung Jlwn 
Kico, which signifies “Central Flowery laind." As wis have 
8<;en how little China deserves its heavenly title, so may we 
conclude that where such pc^stiferous od<;urs pntvuil over 
monotonous cultivated fields, there can l)c hut a small 
portion ^of the land covenid with growing flowers and cxlial- 
ing sweet perfumes. It must l)c said, however, that where 
gardens are to Ixs found the flowers are of exquisite beauty; 
and we can easily imagine tlmt licforo China was so cut up 
by culture for food the indigenous plants w;cre abundant, and 
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HU^'gi>8te<I thb appellation. All thia, however, ui altered, and 
the native flawerB are more rarely to be seen there than they 
an* in tli« gardens of England. But that which strikes the 
ohserv’iuit tnivellcr most roganling the vegetation of China, is 
the nl>8cni'e of forests and the rarity of clumps of trees of 
large* growtli. This cannot las natural, for the rapidity of 
vcgctahle growtli is marvellous *on the cultivated lands, and 
tin* com pant ivcly few tn-es an«l shrubs that are seen display 
great luxnriancn in their foliage. Acconling to the ancient 
history of the countiy, its aboriginal inhabitants dwelt in 
fiH’sts and caves, whei\* wild animals disputetl its occufiation 
with them. With the a<ivi*nt of Chinese civilisation these 
fon*sts liavi* almost dis;ip}K*ar«id ; and the timlx-r trees that 
formerly covcn‘<l tin* mountains and volleys have been used 
for bitiMiiig purpo.sc.s and fuel without new plantations being 
mis«*d in tln ir stead, except upon a very limite<l scale. 
Hein e in China there an* few leafy trees spreading their 
foliage in the sun’s rays to generate oxygen gas, which is so 
largely eonsnm<‘d by the dense population; while its dimin* 
ished Volume is supplanted by deleterious gases tliat create 
all sorts of diseases, and render the climate generally one of 
the most iiuliealthy in the world, es{)ecially for European 
<*on.stitution.s. 

■|ol. /Vcc'dcacc It/ VimJenf Epiilemit and Endemic Dit~ 
nijti'M in China . — To euiuiierete the various classes of disease 
that aflliet the Chiiu'se would 1 h» simply to quote the whole 
list given in a modic^d dictionary. Perhaps there is not an 
ailment that is knouni amongst Western races but has its 
counterpart among that p«H‘uliur {woplo ; so that, as far as 
tin* “ills our flesh is heir to” are concemiHl. they are of the 
same original stm'k. Then* are data for conchuling that 
most of the plagues ami epidemics that scourge the human 
niee from age to ago have their origin in this great hotbed 
of tiiscase. That mysterious morbid malady, cholera, which 
a|>pears ns an epi<lemic in Kurojio, is endemic in China, and 
of the mrtst vindeiit Asiatir typo. Scientifle physicians 
trace its approach always from the cast, through the agency 
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of electric currents, which in eome unknown manner rule tu 
deadly march, like the iiiHueuce uf the great tidal wave 
ToUing to the weet ; and ihw^ it may la* brought from that 
ultima thule of the far East t** thi*540 western Hhon*a. Small- 
|>ox, which of very ancient i*rigin in C'hin:i, in all pndvo 
bility originated ihtte, where diM*;nu*s uf that ehanicler an* 
the mci^t dre;uU*ii by the |H*opU\ t hi ihia jK»int, ami others 
illustrative of dij#t*ases in I'hina. l>r HoWuii. late of Shaiig- 
hvii, who had gn^at exjH‘rien«‘e in hi*>}>itul pra< tiee among the 
natives as a inotlical inissi\*nary, fnruidu's the following euni' 
j»aris4>n of the various classes of tlisojises in the tn>pir:il ami 
t*‘miM*rate latitudos^ when*, c^mtnirv to general n»suhs, the 
Lilter n*gion is the m*>st uiiheallhv:- 

402, Dr thv (7</ssejr i*f Di/trt/ftf* i/# 

awl .^hattjhai . — *Mhi eoinparing diseases and rlimate 
in this part of China, lal. 32^ with Canton, lal. 22 , there are 
s^^veral diffen^nced which cannot fail to observed, and 
will jiLstify, I l»elicve, the following conclusi«»nH : 1. That 

a far larger j>roportion of iliseases among the inhabitants of 
this vast plain — where irrigation is greater than iii any t»ther 
part — are of an iiitennitlent or pi'riodi** i‘h:inieter arising 
fn»m malaria, and must be tneated by tjuinine ami i»ther anti- 
p**rii>dic im^<licines. Canton and Maeao are nearly entinOy 
free from marsh eflluvia, and hence inlennittent fevem, 
neurilgia, dysenU^ry, jftid nenous dejires^ion, are inm h li?ss 
common in these parts than here. 2. That inflammatory 
effects of the breathing organs are far more freijuent in this 
part of China ; hwping-c^ujgh and cn)up an* unknown, and 
acute bronchitis, jdeurisy, and pneumonia are V(*rv rarely 
in the south of China. I obs«*rve no difference as 
regards sanguineous discharges, dropsical idfusions, ami pul- 
nmnary consumption. 3. Tliis climate is inon? trying to 
young children, especially during the time <»f teething. It 
is also unsuitable, from its sudden alternations of tempera- 
ture and increased cold and daiiii>ness, persons of weak 
lungs or of a rheumatic dmthe.Mi.s. It is also disagreeable 
and enervating at first io residents who have been accus- 
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tomod to the tropics, especisUy to those of a nervous excit> 
oWo toni])erament, or liable to intennittents. 4. Cutaneous 
iliscoscs among the natives here are much more fre(][uent and 
seven', owing to want of frequent ablution, and from wearing 
the same wadded clothes for months together, and even for 
successive years, during the winter months, without wailing 
the uiulur garments. Scrofulous enlargement of the glands 
and leprosy are, however, far more common at Canton than 
at Shanghai, j)robubly from the excess of heat. Diseases 
that arc most dreaded are the small -pox in the spring 
months, cholcni and infectious fevers in the hot months. 
Diarrluea ami dysentery occur at all seasons of the year, but 
nioiv in the summer tluin tbe autumn. Cachectic and ancemic 
ilisetises seem c4nnmon evcrj'whcre, arising, no doubt, from in- 
sulticient food ami foul air combineiL Tumours and calculotis 
disojk-xos are of greaU’r frequency in tbe south ; but though 
the climate there is more relaxing, the vigour and activity of 
the native mind are sujicrior to what is usually met with in 
this part of (.’hin.'i. 1 attribute this difference — which has 

Ih-cii reinarke<l by many — chiefly to fhc morhifle influence of 
malaria, which conhiminates the atmi«phere in this rich and 
extensive plain. The apathy and timidity of the Keang-soo 
]>eople are proverbial.” 

4(»d. /}r Itemarkf upon the Climate of Shanghai 

un>l ilK Km'irong. — Regarding the climatic conditions of the 
province of Keung-soo, and their relations to the atmosphere as 
utl'ceting the human constitution, we sltall quote the remarks of 
another authority, Dr Henderson, who succeetled Dr Hobson 
os physician in charge of tho Chinese Hospital at Shanghai ; 
and who, like his protlecessor, succumbed, while 3r*t in the 
vigour of life, to tho deailly influences of the climate. Dur- 
ing the sudden changes of temperature," he says, “ which at 
certain seasons occur in Shanghai, bronchial catq;rrh is ex- 
ceetUngly common, and in elderly people passes into a chronic 
state, and in almost every respect simulates consumption, 
and will pass to this disease unless tho chest is carefully 
exiuninud, when tho disease is found entirely confined to 
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the bronchial tubes, the lungs being perftH;t]jr sounil. The 
climate of Shangltai is esseutially humitl, and during Uie 
hot months of July and August the atmosphere approaches 
close to and oAen reacht's the jtoiiit of sittumtion ; the air is 
much rarified, and coutaiiis less oxygen in a given hulk than 
when it is c»>ld anti dry, while respimtioii is shallow and 
more slowly jierforunsl. Thus the hh«»l is h^ perfectly 
oxydis««>|. and ei>utains t<H> little oxygen to stiniulnie the 
heart, hl<H>l-vesc>els, and lu-rves, and the iiittividind is predis. 
{Hkse*l to low tyjws of dise<u»e of a |K rii.Klic ehanu'ter. During 
the hot months, alsi>. the hygrometrie sUite of th<’ atinosphen' 
is Mieh, on eertain days after heavy rains in Shanghai, that 
instead of watery vapair l>eing exhaled from the lung- at the 
rate of one ounce per hour, as in tolemhly dry slates of the 
at mosphetv, t am strmgly ineliiuMl to U-lii-ve that pulmonary 
exlndation is all hut arresUsl, and the fum tioiis of the luiig- 
revets***!, have ussuineil for the time the function of it1>sorp- 
turn, yiuid isiases off hy Uie skin in two w:rvs - nnmely. 
hy evapinition, wltich is essentially a physieal prs-ess ; and 
•also in the lorin of pdhpimtion, a vitid pr<K-c>s of tronsuda- 
tion. yow, when the air is saturated with moistnn* and its 
temjMjiature eijual to tliat of the hody, the vitid process of 
transuilation will only be carried on, the physieal process of 
insensible cva|>oratiun having for a time ceiised. The alstve 
Conditions, however, aijj not common, and can otdy take 
place when the temjjerature of the air is eijual to that of the 
IsKly, and saturated with vapour. Uinler any cireumstances, 
however, free evapiratinn from the Usly will Is? impelled, or 
modified, acconling to the amount of moisture in the air, and 
so will the feeling of languor and oppression 1 k> greater or l<‘ss 
according to the state of the atmosphere, whether it is still or 
in free motion; and hence the advantage and utility of jnntktm 
and thonvigh draughts, as these cliange rapidly the particles 
of hot moist air, which retard evaporation if left to remain in 
contact with the skin.” P*rom our own eximricnce, the in- 
tensely humid state of the air at these times is such that 
more animal existence, even to a healthy person, is {xisitively 
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iminful. You feel as if your body was wrapped in an atmo* 
spherical poultice, which draws all the deleterious particles 
ill the blood to the surface, and the skin breaks out with 
prickly heat (Lfehen iroinewi), more or less varied with a 
crop of Itoils. On consulting your physician, he pronounces 
th(‘so eruptions as a healthy indication of your constitution, 
otherwise they would liave broken out internally, producing 
some virulent disease. This is fur the time reassuring, but 
it impresses one witli uncomfortable forebodings of suffering 
uinl death in the unhealthy climate of China. 

404. (irt-nt Mortntity t/iirimj Summt^r at Shnntjhat . — Dur- 
ing niir n-sidence in Shanghai an unusually hot and sickly 
summer o<c um*d — when all the morbid influences alluded 
to existed in their worst fonu, an«l consc<|uently disease 
.stalked ubn»ad like a gaunt s|»eftn*, destn»ying the foreign- 
ers us well as th*‘ natives with an unsparing hand. S<> great 
w.is the mortality, and the deaths wj sudden, that it was 
like IsMUg on a fi<dd of Iwittle, when every moment a dart 
from the “King of Terrors” might strike any one, im*- 
s|K'etive of age, iw the strong man i.s laid low by the bullet 
of hi.s eiu-my. Not only did the less vigtirou.s coustituti«>ii 
r.t]iidly collajise nmler the blue agonies of Asiatic cholera, but 
those of a n>hu.st .ssinguineuus tentpcniment were struck tlown 
hy heat-a|Hi[ilexy a.s if they had been shot. We n'lneinlier 
going on lM)ard a transport to bid adieu to the oflicers of the 
gallant .“ICst Kegiment of iiifiuitry on their dejwrtune for Eug- 
laml, after suffering ileciniation from the climate of China, 
when tlm‘e privates were thus att4icked. Fortunately there was 
ice at hand and skilful surgeons to apply it with success, 
anil they rvcuvennl ; hut had they l»een on the march, where 
ice was not at hand, they could nut have survived many 
ininuti*s. 

405. Sialflt-niwus of Death arul rtipitiify of Corruption in 
China ejremplifieii . — Not so fortunate was the case of a hale 
vigorous civilian, whose nr<|uaintaiire we, made at Shanghai, 
lie had come from Tien-tsin. when* the climate is not so 
deadly, os it is It'ss humid. Fund uf exercise, wc observed 
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that he used to take what he called hia ** conetitational ** in 
the morning, which he was warned against on account of the 
treacherous climate. But he did not setun to take much hwHl 
of our warnings, au<l coutinue<i his morning untiks. One «lay 
at breiikfast !u> e*>nipLum*d of heailache, and naid he wnuhl 
lie down in his UhI-ixmiiu hu a little. At iu*on a «.T\'ant 
went t*' c;ul him, when he wjis found tlead in IhsI ; and 
though the lk>lY ijuite warm, even to fever heat, the 
dool.T attemling htm could mU iv>tore the su.alK«*t sign of 
antiuatiun. In the evening we saw the ImxIv ami felt the 
h-ijuls which Were still warm, and it was eviil< nt that pntri- 
ficti-iu had set in with gn-at rajiidity. Such wiw the case, 
1 'r ab-iui midnight the remains weiv i*l.ioe<l in a for 

innutsliate interment ; and ius the undertaker wjis elositig the 
hd, the V*»-iy hurst its eennients and tilled the colfm with 
tjoxi-'UH matter, which emitted a most h<«rrihle eltinvium. 
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I ‘iNTIlAHT MTVViKKS THE CLIMATEH OP THE XOIITH AND 
holTII IIKSH8PHEUES. — AUSTMAUA. 


i M .icnjiliii :il fi^aturen of Am^tmlia admit j^eiieral frt*^ circulation of air, § 
Native iiih.il»it{ti)trt and anitiiaU few ami iniKicuou.H, 407. — Contra*! 
U-iwci-n it* hjiiarM'ly-iMtj.ulateii land.*! and Ihov of diina, 44»8.— Piwenco 
the Kuro|«ean haa intitMiucod inaaluhnty into the tnwna^ 4*^. 

AliM'in e i.f malariii on iU iiiarnhy lamU attributed to docnloruuition by 
rarlHitiic at id (;aa in the air, 4lO.^PIff«<.'U of carUmte aidd gaft on the 
liuiiian constitution by exfM«rtmeiit, 411.— IViKmio acid rwmimendeil as 
a itiedioainent by Dr I.o Tby, 412. - Healing efleetj* of carUmic %*a]»ouni 
ill gasworks. 413. - *IVtnicli]onde of carbon a valuable atmtlietic, 414.— 
Caiboii in n holid, Ih^uid^ or gaj»eous form not j^M^iaonous, 415.— Thecli- 
mate of Australia coUMdcif^l by fihyaiciana as curative of pulmonary dis- 
eases. 410. - Dr Ibni's cx|HTieuces of its climate as a curative agent in con- 
sumption. 417.- In couriuMif time it may lx*come the grand aanaiorium of 
the world, 41S. Tmns{H>rtation to Australia formerly a piemium to crimi- 
nals, 411*." Ilcn.arkablc effects of the climate on the fecundity of Eun»- 
jH-an females. 42<K l^ongevity and fatal f)pKases of short duration in 
Australia, 421.— Its rliniatic influence in checking the spreml of e]d- 
demies. 422.— Salubrity of Mellnmnie. Sydney, and Adelaide umler ex- 
ceptional conditions, 423.— The salubrious climate ailiuits of sleeping out 
in the o|K*n air with impunity, 424.— Experiences in the moist climate of 
New Zealand indicate iu salubrity, 425.— Military medical reiH>rts ex- 
liibit low rates of mortality and disease among the tnx>ps, 426.— High 
ilegriH* of health eigoy^Hi by the New Zealand colonists, 427.— Dr Dieffen- 
baeh's nunarks ii|)oti tlie alisence of endemic diseases and the salubrity of 
climate, 428.— Hints for a new system of iiie<lical pimetice by ffcrapo^Ae, 
420 ,—Scojks for improving the science of metlical practict*,^43t1.— Pro- 
fessor Simpsoifs addtxvss to the graduates of Ediiibuigh rniveraity, 431. 

ddfi. Ot*f*ffra/thiral Fvatitre^ of Australia adtuit of a fjeoe- 
ralf, Circuhition of Air. — Let iis now conijHin? the physi- 
cal features and climatology of Australia with those of China. 
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or^ what will W luon* in»|»nipriiitt% tho ooiitom half of the 
fonuor, as more elo«>^*ly ap{m»xiniatiii^ in an^a ami latitmiiimi 
limits to the latter. Morvi»vt r. it is the sreti«*n of the Mouth 
islauil-c(mtiueut <»f whuh we have the most Ootreet 
j;ni|»hieal knowletlgt*. aiel whert* tlie cminlrv is fairly jx»|»u- 
luted, while the we^tun «!i\i>ion is eomparatively iin uiiin- 
hahitetl wihlerness. The entire 8UiH»rtieie.*» o( Austniliii is 
com|«uleil at 2.69<\8lt> sijuan^ miles, so that half its area i.s 
sometliinf: ov»*r that of China Po*]H‘r. A j^lanee at the ooli- 
nary map of the eastern hemisjihert" will show the ;;tuit*ral 
couti>ur of lhe>i4' two n^urions, each possessin;^ an extc*n^ive 
sealHnard waslu-cl hy the waves of the Pacific Oci'an, and 
boUi under the intluem e of tr<^pical and tempondf* latitndf^, 
hut on op[>o«iite sides of the eipialor. At this point their 
^en^rniphieul aiuilo^^^y emls ; f»ir alth*»npU a moiintaiti-rlrnin 
exteiels from scimlh to north, parallel willi the eastern sea- 
l>c»iirl, yet it cannot Coinpan* >vith the mounhdn*^ehains and 
tahledands of Tibet and Tartary, that obstruct the west winds 
in (*hina. To the westwanl <»f the Australian t'ordilleni a 
h*vel r«*^on ext4.*n<ls thronp;li the interior nearly to llie coast 
washed by the waves of the Iinlian Ocean j while the south 
is open to the Southern Ocean, without any land its far lus 
the anUirctic ci^^l(^ In no part of Aii.stndia is there a 
luounlain elevated above the line of peri^elual snow, and no- 
where an; mnges of iiMuntains or valleys so situated as to 
confine the currcfTits of air from all jKants of the cfuiipfiss. 
Hence the genenil character of the Australian wind.s U tln-ir 
variableness. It is tnie that on the tropical waters of Au- 
stralia monsoon and trade-wdiids blow, but lliey rarely pene- 
trate far into the interior, while the “ brave west winds/' de- 
scrihcjd by Captain Maurj", in tlie soutli temperate zone sweep 
acro.ss the country during the gnjater ]»arl of the year. The 
geograplncal features of Australia, therefon*, are not calcu- 
lated to c<»hfine the atmosphere into ])eriodical winds, as in 
C'hina, but to afford a general frc?c circulation at all time.s of 
the year. 

407. Native Inhahitantn and Animals few and innocuous. 
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— Wo liavo dcen that the Chinese are computed at one- third 
of the whole human race — which is calculated in round num* 
liors ut twelve hundii‘d inillioiis — and tl>at they occupy a 
territoty less than the area of esistern Australia, where the 
native |«opulati<>ii is not c<|ual to that of an ordinary Eiii^lish 
county. While the one region contains a vast series of centivs 
of jNtpuhition inon; dense than anywhere in Europe, who tiave 
exhuunt4-d the health-giving elements of the air, earth, and 
wak‘r. the other was, until recently, an immense wilderness, 
ttruanted hv a few trilms of savag»-8, wh«»se jKjverty-stricken 
condition and nomad life rcudcnsi their presence l«.«s produc- 
tive of iiuxioiis e.xhalations than the few wild animals in- 
hahiting it. “The hUtory of this race is comprised within a 
hinuil coin{tii.ss. Ke<-ordK they have none, oml tln.-ir tnnlitions 
an- ns evaiicsc-eiit its their tlwelliiigs ; and like summer fires, 
which sweep cvi-ry vc-stige of thesi* rude structures fn.»m the 
face of the earth, s»» their history is Imricd in oblivion with 
each snccctsiing geijcratiun. No evidences of tilling the 
ground, planting, sowing s<>cd, and reaping the hardest, have 
l«-«,‘n sei-n by travelh-rs uinotig them. They <lo not trade or 
Ixirtcr ; neither do they sell, buy, or exchange land, and on 
no s|s>t i.s a ]H.>rmaiient village established. Consequently 
the it‘jcctumenta of such a sjKirsely - scattered population 
have no cifcct in civating malaria. An approximate census 
taken in n-tunied their uutpl>ers in eastern Aus- 

tralia at 210,000 ; and from their known rate of decrease 
within the colonial settlements, at present it is considerably 

1C.S8.’' • 

408. Coni rant Miceen it« t>iMti’«eti/-popuiated Linuh and 
thnne of Chiiui . — Since the colonisation of Australia by the 
Itritish, the usual etfects of civilised commirnitios furmiug 
cuntn-s of population are lK>giiining to appear, but not suffi- 
ciently U) have any marked result upon the geucrok sanitary 
condition <»f the country. Still, where the citice and largo 
towns exist, these localities ore not so healthy as formerly, 
when the )M)pulation was loss; and fevers occur which, at the 
* Art. “Australia,” ‘ Eucyclopndia BriUnnico.' By S. Uossinaa. 
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ftiriy |>erio(ls of wen* unknown. (K th« rol<>ni«l 

{lopulation there an.' now ab«uit <'ne million aiul a half |H>r- 
sons, who have intriKluceil an«l hiv^l aUxit forty inillionx of 
live stock, as assisting U» vitiate the rtlmo'jihen*. Itnt what 
are these to the immense extent of countiy they roam t>ver, 
or the wi<lely-s«>jitterwl towns and Villas's, eom|ttired with 
what exists in China I It is in this n'sjwh't that the traveler 
in both countries is impresstnl with the enntnist l»etween a 
densely and a thinly ]K>pulaUHl n'jjion. In <mr travels we 
liave ridden for hundreds — nay, thotisands of miles tlimuf^h 
the “bush '’of AustnUia — as the coloni.sts term the unwttlcd 
and rund districts — ami sometime.s for days we hav«« not met 
a human Insinf;, not even tme of the alKwiifines. Tlien^ j>opu- 
lation is the exception, and extent of t<*rritorv the rule, wlu-n* 
in its pristine state the land is in ^ix'at ]>art clothe*! with in- 
dig*‘no;is jtrasae.s, that wave in the brei-ze like fi*“lds of corn, 
anil pictun*s«ju** park-like fon-sts invit** tlu; si-ttler to erw-t his 
homestea*!. and sit under hi.s own “ vim* and fiji-tree,” bn-alli- 
ing the most sidubriuus .atmosphere in the world. On the 
other hand, in China, population is the ruhj nml land the 
cxct'ption ; for the inhabitanta find it insuHicient for th(‘ir 
increase, and hence about one-tenth, or forty millions, have 
their habitations ami employment on the water. AVe hav*> 
travelled thnmgh parts of one of the central jirovincijs wlo-ro 
the country wjw barrel) and rocky, w'ith scarcely a tree or 
shrub to b«; seen by the waysiile, and we have saiil to our- 
selves, “ Her*i surely there will be some solituilc from the 
overwhelming presence of the people.” Hut no 1 .Scarc-ely 
had we got to the hill-tracks tlian we found them crowihsl 
by an increasing stream of pedestrians canydng ]>ackag)‘s of 
tea and native produce towanls the outfiortB, and merchan- 
«lisc to the interior. It is only when the country is distiirlied 
and deso’ateil by bands of relwls or banditti that tho jiopula- 
tion disappeaiu from any district But no sooner are these 
dispersed than the inhabitants ndiim and industriously set 
to work and resbire their dwellings, or renew the cultivation 
of their farms, so that in a short time the temporary solitude 
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of 8ttch localitioM is broken up by the •noise and bustle of s 
doiim* population. 

409. Prewnce of thfi Eurojiean ColunMs has intrvlurfd In- 
mlnbrittj into the Towns. — It is not necessary to po into any 
ilekail of the pipulation statistics of Australia in illustrati/>n 
of the iniinitesiinal influence the priisence of civilisetl man 
has upfin vitiating the atmosphere of that extensive region, 
from reject.‘imeiitn, graves, and other corruptions of humanity. 
And wlicrc mnlarui has arisen in the laige cities from want of 
dniiiiage and insuflicient wah'r-supply, these defects are lieing 
remetlicd by the authorities upon the most impivived systems 
of Kurojjo. It would l)e well also that the several g<*vem- 
ments of the Australian colonies ailopted a system of preven- 
tion as well ns cure in maintaining the salubnty of the clim- 
ate and the fertility of the soil. We allude to the wholesale 
ilestniction of the trees in the envinins of cities and other 
centies <»f population without previding for the future by 
])lanting stiplings. We have alreatly demonstrated, accoril- 
ing to the ex]M>rimcnts of learned chemists and botanist.^, the 
fact of gr(‘4>n foliage geiieroting oxygen in the sunlight, and 
IM»inl<Hl out the eveigreen trees of Australia as peculiarly 
adapted to jKTform that function to the best advantage, lie- 
sides this d«;licnte property, it is well known that trees protect 
the fertility of the wiil where it is not cultivated, and hence 
their pre.««*rvntion or reproduction op waste lands is of im- 
j'ortance in that diy climate. Wo regret to state that some 
of the finest [mtehes of grassy forest-lands have been rendered 
{lerfectly barren and unprofitable by the destruction of the 
trees for firewooil alone. It may ^ advanced that in the 
colonisation of new countries tliis cannot he avoided ; but it 
would lie a wise course on fhe piurt of the authorities to plant 
young trees where the old ones have been cut .down. 

410 . Ahmtre tf Malaria on it* Mardty Land* attiributed to 
drotlorimiifi inflaenee of CarUmie Acid Oa *. — WTiile the pre- 
sence of deleterious gases from human causes is infinitesimal, 
the alisenoo of malaria from natural influences is charncteristir 
of the Australian climate. Although the thermometer reaches 
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(td high as, if not highor than, in ('hitia, and Uierv aw I'X- 
tensive utarsh-laiuis aiul swaiujv* ^illular to wlwt oxint then*, 
yet the class «.>f i)ist‘:uics arising fruiu them is unknown in 
xVustntlia. This is aci-ounUsl for in a general manner hy 
mwlical men, frv>m the dryness of tho atmik-sphere iiiul the 
rapidity of evajntration. which carries off the deleterious gases 
as 8iR<u as they are generatiHl. No doubt these have the elfeet 
of lessening the accumulation of malaria over marshy lands ; 
but as New Zealaud ei\joys the same immunity fn>m malarious 
diseases, though the climate is very humid, and the extent of 
marsh-lands greater in projH>rtion, tlu>re must Ih‘ some othi'r 
atmosjihericjd Jigenoy at work to neutmlise the geiiemtion of 
malaria. This we take to Ivo the pn^senee in tin* atimisphen; 
i»f a large percentage of carlwnic acid gas, .as di'tailetl in a 
preaious .s»Htion. We contend that this coiustitucnt is thi! 
great .scavenger of the air Unit sweeps away all the impure 
e.\halations of the eartlt While it .susttins the life and 
stmetim? of vegetation, it de.stroys the noxious gitses generated 
by dec,aycd v<*getable and animal matter. In its pure state, 
without a due .admixture of oxygen, it is considered the most 
deadly of all gases to inhale, as aritness its effects on the 
suicide by charcoal fumes, the suffocatwl ilog in the (irotln 
del Onu\ and the Iwnes of victims in tlie I'pus Valley. On 
the other hand, when combined with the otlier constituents 
in it.s minute volume, it is not only innocuous, but serves the 
purpo.se of assisting to maintain a healthy condition of the 
air we breathe. As charcoal deodorises fetid water, so may 
carbonic acid gas dccMlori.se malaria. Hence probably tho 
presence in the Australian air of a largo projfortion of this gits 
may account for the altscnco of malaria upon marsh -lands, 
where, under different conditions,' it would exist ; as, for ex- 
ampfe, if Australia were situated in the northern hemisphere, 
under latitudes corresponding to those of Cliina. This sugges- 
tion opens op a very interesting subject of inquiry reganling 
the properties of carltonic acid gas os recently investigated by 
aamru on the Continent. • 

411. Effects of Carbonic Acid Gas on the Human Const itu- 
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timi hif Kr}vriment. — Although thin gaa, whon pure, causes 
iispiiyxiii if inhaled, there are instances of it. not having pro- 
duced this tliMistrous efltfct — a proof, us 1>r Detnar<juay rightly 
observes ill his 'Pneuinatologic McmUcuIo,' that it is not jKiison- 
ous /mt iis has Is-en e4iiitcnded hy many. The following 
in.stauces tpioted by him are curious : — I’ilutre de lUjat^r, the 
unfortunate aeronaut, hud the courage t4i engage in the follow- 
ing ba/.aril(iiis ex{ieriment, in order to as«x‘rtain how long an 
atmosphere of earlKUiic a«ri<l gas could lie bonie. With the 
help of a ladiler he de.<scended into a brewer’s vut which was 
lilled with that gas, and at once f«dt a slight warmth all over 
hi.s IkhIv, causing an increase of {lerspiratiom He felt a 
pricking in his eve.s, which obliged him to shut them often, 
and when he attemjitisl to draw breath ho was prevented by 
a violent sensiilioii uf iiieipieiit suirucation. He now' wanted 
to get out of the vat again, but could not find the ladder; 
and the want of fresh air becoming more and more pressing, 
he was seized with vertigo and tingling in the ears. He did, 
however, get out ; but although he could now breathe freely, 
he could distinguish nothing with his eyes, and his s^mse of 
iiearing wius uiniost gone. Ho was mad enough to rejicat tlie 
experiment, and found that, so long os bo could do without 
breathing, he could walk and even 8|)eak in the gas. Another 
bold adventurer, Dr Constantine James, of Paris, laid himself 
down in the far-famed Grotto del CanefonAt Naples, and kept 
his breath some time in order to observe the action of the gas 
on his senses. No sooner did ho risk an inhalation than he 
was seized with vertigo, and obliged to raise his head out of 
the stratum of gas — which, being heavier than atmospheric 
air, is not very deep — in unler to breathe pure air. In a few 
minutes the painful sensation was gone, and the doctor tried 
again, but this time ho was more prudent, and inhaled only a 
small quantity. The same symptoms returned, and he felt 
a sort of Ixiiling about his forehead — a sensation which he 
com]Hite8 with what one fouls when, in drinking champagne, 
a little of it gels into the nostrils. The same author states 
that vrhen ho was Uiei;p, the keoiior of tho place had a dog 

2 D 
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wluch he in the Imhit of layini: ilowiNin the gr»»Uo with 
its {Hiws til'll, for the ainuMMueut of visiii^w, aniiniil 

would show great anxiety, stniggle for stuiie lime, and (In n 
lie as if tk^ul. At this imanent the keej»er would take it uj>, 
carry it out into the air, and untie its legs, lly di gn^ea the 
animal wv»uld return to life ag;iin, ami then nm away for feair 
proKddy of Kdng suhjeeUMl to the Aime onleah which, hcov- 
ever, to Iv infliettHl tin it live or six times a day. 

41*2. Oi rhmtr nrtmmnhM *is u ht/ Dr 

Play , — Thus it would aj»pear that earlxmic aeitl gas - the 
exhalations of which from mineral and vegelahle sources are 
so mueh dreadixl — is, afti'r all, not a jxuson ; only that, when 
inhuletl in larger dosi's than suits tht» mspiratorv organs, it 
Woiues fatal U> animal life, ju.st ns nn ovenlos<^ of some heal- 
ing ineilicine may priHliue death. Having satisfied themselves 
on this some Fnuieli physicians, pursuing tin* incjuirv 
by experiment, have <liscovcred that it may be used as a iuc<l- 
icainent when iiihah*^! in aniall doses mix<fd %vith common 
air. On this subject an intirresting pajsT was recently n*ad 
Isifore the Academy of Science.^ by Dr Le Play, an emiinuit 
mcnlical practitioner and exiierimentalist. He found that this 
gas, mixifd with air, e.xcites circulation in the mucous mem- 
branes with which it is in contact. Ilcricc it may cxen*i.si« a 
powerful tonic acti<in in bronchial catarrh. It should tliere- 
fore, in his opinion, l)c prescribed in all cases in which a 
pulmonary affection is accompanied with congestion, a direct 
tendency to inflammation, and especially spitting of bloo*!, 
because then carbonic acid will carry the inflammation to a 
higher pitch, and thus modify the vitality of the tissues. I'his 
may account for the circumstance that catarrhal affections are 
alleviated, and sometimes cured, by draughts of cham^Migne, 
which evolves carbonic acid largely. 

413 * Healing Effects of Carbonic Vapours in Owncorks . — 
In like manner it is chiefly owing to the presence of carbonic 
add gas in the vaponrs evolved in the purifying clmmliers of 
gasworks that they have been resorted to by patients os a 
cure for the hooping-cough; and the number of recoveries 
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amotiK chiMren faom that diatrcaaing complaint in Paris ia 
L'viilciiuc of ita efTicacy as adopted by Parisian phyaiciana. Still 
there liiivc been olMtiliuto caaea, and even Dome in which the 
patients actually gut worac instead of being relieved — circuro* 
sUincea which letl several practitioners to condemn the remctly 
altugc'ther, until Dr liurin Dubuisaon succeeded in explaining 
the cause- of this extraordinary dilferencc in the results. He 
liiiH shown by reliable experiments — Ist, Tliat the proportion 
and composition of the gaseous substances evolve*! are never 
the same in diifen-nt giisw4»rks ; 2d, That the beneficial gases 
wen* mixeii »ip with deleterious gases, the latter even prepon- 
derating in some inatances ; and, 3<1, That even in the same 
gftsworks the pro]Kirtions cliaiige. according to the hour of 
the liny. To obviate these inconveniences. Dr Dubuisaon 
has coinposeil a litpiid w'hieh he calls and which, in 

evap«iratiiig — iloiug so ver>' rapidly in a water-hath — will fill 
a close chamlHT with all the lieneficial emanations for which 
gasworks are recommended. Thus seveml children are a«l- 
niitt*-*! into a ru(»m 25 feet long hy 1C feet in breadth, and 14 
bHit in height. A tea-apoonfiil of gnzeol is introduced into an 
open phial, which is put into a water-bath always kept at the 
same temperature. The gaseous exhalations thus produced 
may iK'Cosionally affect the patients disagreeably, but the op- 
eration has bet-n jwrforraed three times a-day at t^e Orphan 
A.sylum in Paris with the moat beneficial results. At first it 
was only tric«l in cases of a common or of a hooping cough, 
but it has since Iwon found extremely useful in catarrhal 
broiiehitia. In the first place, it weakens the intensity of the 
cough very materially ; it prevents it during the whole time 
the patients inhido the emanations ; and it prevents it return- 
ing in fits afterwards.* It has not been found beneficial in 
bronchitis dependent on miliary tuberculosis, and in tuber- 
cular consumption ; but cases of catanhal bronchifis have 
lM>en cured in from six to twelve days, instead of requiring 
a month or two's treatment. No doubt, as the subject is 
further investigated and experimented on, a gaseous Com- 
pouml, with carbonic odd gas aa the basis, may bo disoov- 
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eivtl Uiat will prove curtUivi' <*f tiilien'ukr «ii«ea«o> of the 
res|>iratory orgjins. 

414. Tt’tr'tfhhritle of t'ltrUm n tuluiihh' Aiutvlhftir . — 
While thf Frt'iieli physieians an- Uuis eim>l»»yi“<l in 
ing thf hi.iHiig pi\»|iortii« uf earKai aial iia <'«nll)illatiol>^, wi* 
find our own nuHiioal pnietiiioiiors otpiuily active in the aanio 
direction of n-mlering their diseoveruw in «‘Iioinii4lry availahli' 
for alleviatiug the (uitfering'^ of aillicU'd humanity. In the 
•Lancet’ the following notice apiKuirs : “We an' glad to 
announce the intriMluctiou of a new aiuetithetic, which, if fur- 
ther exjHirience eonUnn.s the result.s hitherto ohtaijUHl, pnunitics 
to 1)0 of remarkahle value. l>r ProthenH* Smith has las'ii 
making stone oW'rvatious on the adminUtration hy iiihalu- 
tion of the tetrachloride of carlniii ((’ (’L), of which we wait 
for a fuller account. In the mean time, from our own obser- 
vation. we may state in favour of this agent that it Im a plea- 
sjint (hlour, somewhat n'siniihling that of the tpiince. We 
understand that aiuesthesia is rapidly produced by it (in some 
ca.ses in the 8])aco of half a minute), that the con<]ition ap- 
pears to lx* ea-sily siKshiined with or without entin; loss of 
cunsciousne.xs, and that the effects ]>;is.s off very (piiekly. 
There i.s not usually, we Icnmi, any excitement or struggling 
l)cfor** ana-.'.thesia 8U|xTve,nes, and its use is not followed hy * 
the sicknc^ wliicTi is sometimes so trouhlesoiiie a feature of 
chloroform. A point df great interest in relation to the tetra- 
chlori'le of carlx)n is tlie projierty which we arc h)lil it pos- 
sesses of immediately allaying pain arising from any cause. 
In a large number of instances it has l)ccn successfully em- 
ployed for the relief of hcmiache and dysmenorrlKeal suffer- 
ing. Dr Protheroe Smith has found it of great value in 
inducing quiet and refreshing sleep, die has also employed 
it in midwifery, and finds that it removes pain without neces- 
sarily destroying consciousness or interfering apparently with 
the expulsive efforts of lalxmr.” 

415. Carbon in a Solids Liquid^ or OaseovB Form, not 
Poinonotu . — As evidence that carbon, either 'in a gaseous or 
solid form, is not poisonous per ee^ hut, on the contrary. 



rns AIR. 


421 


whoIcHome, we may indicate ito increasing consumption in 
such articles of fooii os charcoal biscuits, and the quantity of 
gas inhaled and swallowed in drinking aerated waters. Even 
when respireti in the crude fqnn of smoke, mingled densely 
with the atinosphcrtMif cities, it hits not la'en found to increase 
the amount of mortality or tliscase, os comfsircd with etjuntry 
districts, where the inhahitants breathe a comparatively pure 
iitincKsphere. On the ctjnirary, there are sufficient data for 
concluding that the smoke of the city furnishes a sanitary 
equivalent in neutralising the poisonous gases arising from 
insufficient drainage an<l overcrowding in houses. St* that in 
e.\huming our coftl*<le[Ntsits, and consuming them in dwell- 
ing-houses and inanuftu'tories, civilisation is stepping in to re- 
i}torc to the northern atmosphere some of its origiiuil element 
buried for countless ages ; and liowever much may l>e said 
against the discomforts of smoky towns, the, evolution of car- 
bonic gas by such means may assist in purifying the air of 
more deadly gases. It has not been shown that the respira- 
tion of smoke is dangerous, or destructive of human life, if we 
may judge by evidence produced at pnd mortem examinations 
of ag«*d |)eoplo in Ixmdon, where the lungs frequently became 
disctduured by the. inhalation of smoke, without producing any 
appearance of disease. 

410. The Clinutie of Atmfralta eotmrlered by Phyeieian* 
as Curotire of Pulmonary that os it may, it 

is evident that the properties of carbon in a gaseous form, as 
well as in conjunction with fluids and soliils, are l>eooming 
Wtter kiuiwu and appreciated by medical men, and we may 
bear more of its use in the class of discasce indicated by Drs 
I.e Play and Dubuisson. There is a wide field of inquiry 
and experiment open in this direction that is deserving of 
practical investigation. Moroover, it u now ^nerally ac- 
knowledged by oilvanced dmltcal prartitionora in England, 
who base their views upon the reports of their eonfrbres in 
Australia, that the climate of that country is more conducive 
than any other* to the cure of pulmonary consumption and 
all diseases of the respiratory organs. It has been found 
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that persoib^ with the^o |trvvuiHii}' coui[)itiiiih( of thn 

mother country on arrival there recover in a imwt surpriBing 
manner, es|>tH’ially if they have not reaelunl their last chronic 
stage. Even then existenco j|8 pn^longed lR*yoiMl what it 
would have been at lu>me, and the patient is imhued with a 
tem|K)niry renewal of health until the final collapse occurs. 
The number of instances of retH>very is yearly increasing ; 
and it is now the eominon ml vice of medical men in such 
cases, after all other cumtive efh>rts have faileil in northern 
climates, to advise? patients to einigmtc into tein|>eratc. climes 
south of the eipiator, or at jdJ events undertaht* the long 
voyage to Austndia and Iwck, remaining n hhort time in the 
country. X«*t only have laymen followttl this advice, but 
some professional men subject to consumj>lion liavc put it 
into practice, and found the Ix-nctioial rcsidU* of the change 
of climate all that and uu>re than they exi)C(;tetl. One dtwtor 
pive up hi.s practice in England and procccilcd to the colony 
<if Victoria, where he c<in.sidcn*d hiimsclf entirely fn-e from 
pulmonarj' dbease after a year’s rcsidc'nce ; and in two years 
publish<sl his experiences to the world in an inten:sting and 
iii-structive little volume ‘Un Austndian ('iimates, and their 
Influence in the Poivention and Arn-st of Pulmonary (’oii- 
•sumption,’ by S. Dotigjiii Bird, M.])., P.L. : J.a)iig- 

mans, I>jnd(^>n. 

417. Dr BirtTit ExpeHnuceM nf it« Climate ati a Cura- 
tive. Afjent in Connum ptum . — Although giving cxprussii>n to 
his new.s in a thankful vein of recovery from a fatal disease. 
Dr Bird gives an iinjuirtial statement of liis experiences of 
climatic influences on health Iwtii in Europe and Australia. He 
looks upon the change of climate from jdocc to place in the Bri- 
tish Isles as of no avail in arre.siing pulmonary consumption ; 
and when patients obtain iein|>orary relief by visiting the 
most favourable locah'ties on the Mediterraiienn merely to 
get over the winter, the insidious disease is not arrested. It 
has long Iieen a question among nioiliml met^ Whether this 
disease, once set in, was curable ? and the general result of 
cases led to the conclusion that it might be alleviated but 
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not curiMl. Dr Binl duputes tbo conciuAiuii, and liolrU that 
its protjrwsH luiiy be rendered nug(iU»ry, but nut in European 
('liinal<‘A. Hu tbun BtaluA tlmt when he left England he waa 
a (Minfirnied jMiitrhmini, gradually l^econung enfeebled and 
uinauiiiti'd. On the voyage out he picke«l up some strength; 
and after not more than three mouths' rcaideiico in Mel- 
Ismrnu he had gained 10 lb. in weight. In twelve mouths 
he eonsiilenMl himself completely cure*!, and a stronger man 
than ever he had liuen in Euru{M!. He considers that there 
are remarkable peculiarities in the Australian climate tliat 
not only alleviate <'oiuplaiuts of the lungs, but have the 
power of throwing oil' ucttuil disease and preventing its 
return. This he attributes t*) the abundance of sunlight, 
the prevalenee of fine weather, low degree of humhiity, a 
go'at amount of ozone in the atmosphere, &c. In all these 
lieiu-iieial inlluenee-s of climate u]H>n the consumptive patient 
wi> entirely agn-e, ami can fully vouch f«»r the jiccuracy of 
his statements. Hut we cannot help thinking that some 
more potent influence exists to bring about this remarkable 
curative power in the .-Vustndian atmosphen? over diseases 
of the renpiralory organs than merely greater degrees of 
light and heat, and the gi-neral purity of the air inhaled, 
compared with these e.\istiug in the country where, the 
diseiise originated. 

4 1 In omrtv nf tim*> it may becotuf- the yrand Sitnatonum 
If/ the Worltl. — The intelligent reader will readily sup|K)se 
that we attribute this proiwily of the Australian climate to 
the preseiiee of a larger volume of carbonic acid gas in the 
atmosphere theit' than exists here. Putting the medical 
testimony of Dr Le Play on the cunitive powers of carbonie 
acid in juxtapo.sitiou with Dr Hint's exiteriences of the 
Australian climate, we are fairly justifivHl in drawing this 
infen*nce, im'spectivo i»f the botanical evidence we*huvo fur- 
nished in a pnivious M'ction. Hero we have |K>sitive medical 
daUi in 8np|H)rt of our theory of disjmrity in the volumes of 
the utmosphAic constituents in the south temperate zone as 
eumparovl with the north, or at tdl events suflicieut data to 
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show that ono r*?gi«»n coiitiuns cimiliv»> i‘lrnients in tho air 
for iliseasos contrai-ttnl in tho othor. This ronclnsion givFs 
rise to the question whether tuWrcular «lis«*ase« of the lun^fs, 
bronchitis, ami other com plaints of the n*s|»imtory oTmuiis, 
are not cause*! by the diminution of earlHittie aeid I'lia in thu 
northern climates, as w’ell as the ordinary pnniisjsising euuws 
of cold, <lamp, and tlie like. Moreover, it is not unphi!«tsoplii- 
cal to infer fn>ra the foregoing data that, during the earlier 
epochs of animal existence, the carlnin and •>x\gen were in 
greater viduino than afterwards in the north hemispheiv, ami 
as those diminished, this iissisted in the extinction of «j)ecies. 
At first disease woultl undermine their vigour, which wcuild 
be transmitted in an incitnisiiig ratio through generations, 
until the remnants of each race Ivcame extinguisheil fnun 
shi'cr exhaustion of vital energy. On such a hypothesis may 
we not explain the prevalence of iliscase amongst the human 
race in the north hemisphere, whi<'h in time will lead to’ 
further physical degeneration 7 In that ciust the tem{>erate 
regions of the south hemisphort', with their reinvigorating 
climates, will be the places of refuge for the exhausting 
humanities of the north, and Australia liecome the grand 
.sanatorium of the world. 

419. TrnnxjutHntion to Amtralia /orntfrly a Premium to 
Criminals . — In this respect Australia is the most valuable of 
the British possessions pbroati, inasmuch ns the*. IsmeKts that 
accrue to the colonists by its hygienic advantages will con- 
tinue long after the gold-tichls, which so suddenly advance<l 
her material prosperity, .are exhausteil. It is to bo hope<I 
that for the future the social and political condition of the 
free communities established there may continue as morally 
healthy as the salubrious climate. When wo look back upon 
the original destiny of this country as the receptacle of the 
dregs of* humanity, we cannot but rejoice at the altered 
prospects of native-born Australians during snccceiling gene- 
rations. It is true that through the agency of criminal labour 
the unprofitable wilderness was first brought into cultivation. 
But the demoralisation of society by their presence countor- 
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acUmI in A (^>At the lieneKU of their labour. Happily 

that evil ia {miwiiKf uway, and the licxt generation will hnd 
the convict leaven of the parent atate expunged frr^m the 
cotiinuinity. It was but rcniently that all friends of moral 
nud social firttgresa in Australia grieved to Knd an enlight«ne«l 
( ioverninent |M*rsi8ting in coating on these shores the olTscour- 
ings of British prisons, Ut cit«t«? a demoralised malaria among 
colonists enjoying tint healthieitt amount of social and politi- 
cal institutions in the world. Iiresfieetive of these consider- 
ations, this lino of fKdicy was ofTeriug a premium to criminals 
u|KUi hygienic considerations alone. We can rearlily unfler- 
staiid how, in this country, the prisoners find it a punishment 
to 1 m? immured in dreary dungeons, or forcwl to labour at 
public works in all kinds of weather ; and also how their 
attenuated forms excite the lamevolence of philanthropists, 
after breathing the vitiated air of their prisons for some 
years ; while the rigour of this northern clime gathers its 
harvest of victims, notwithstanding the generous prison fare 
on which they are fwl. It was veiy dilferent, however, when 
the convicts were trarmporUnl to Australia, where the labour 
and short imprisonment assigned to them were compara- 
tively no punishment at all. There the majority of tran- 
siKirts had ubun<lanco of the necessaries of life, ami some of 
its luxuries, while they were set to the easy and pleasant 
(MTiipation of herding cattle and sh$ep. growing robust^ and 
raspiring an atmosphere that not only cured the constitu- 
tion of morhitl diseases, but revive<l their spirits until their 
longecity ime inerettmi. Under such favourable climatic 
conditions transportation was no pnni8hment<. It became a 
kind of reward given to the persons selected by a paternal 
government. This abnormal policy, ns wo have reroarketl, 
has m?arly ceased, and the emigrants sent to the Australian 
slwires are of the most deserving class ; while titose who 
voluntarily proceed thither for the benefit of their health are 
an ac(|ui8ition to the colonies when they recover. We trust 
the day is ndt far distant when even British statesmen, ex- 
hausted by the baraming cares of political life, may extend 
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their vaeartion tour to thin Bitiiiiy aoiilh laud, and mtum re- 
invigorated in bo<iy intnd to Uieir nnluoua taaka, with 
their oigans of aptwh and n*>{dnilioii atanigtheiunl by the 
voyage, 

420, Hemark of thr *m (he tWundity 

of — Whilt* iht* malt* st'X gfiicmlly in*<]|!iin* 

iiwrvcvsst**! Uglily aiul tni*nt.:U vii'our in the Aut^tmtinii rliiiiate, 
the feiiuile Kim‘[>e;ui undl*n,^<^^i Minilar. if not ii.ort^ n*ni:irk* 
able, e«>n,*:tiCuti«*iLil invip»nitit»i4. An Kii^li.dnvuiimn <»1 tiv#*' 
amblwcntY will rv iaiii her viir.mr undiinitUi^hiHi for eight **r 
tcrii years, and a n*juYeiii*:*i*riiro tiken jdaoe in u 

he-ilthy Woman of tliirty : \v!ule tin* Ii\es o( the agi^l with 
l onsutations an* prolongi d. Ihit tin* im»Kt n inurk- 
abh: ehange etb-eled by the climate, aci’onliiig to inrdit*al 
aulhorilic^*, iis the n‘iicwal of fccundit> at a i‘umj>amlively 
advancf^i and. in numerous w'clbauthcntiratcii ciiscm, the 
britigang on i>f fertility after many years of lNirn*nm*;^s in the 
nu>ther couniiy. This is now lH*ci»ming so well known that 
Some marrieil coujilcs without families eiuignite to Austmlia 
with the pn^sjKM i t»f having childnm ; and where an heir U» 
an itslate is wanted, tlie longing ]iH»ther takes Imt departim* 
for the washed -f‘»r land wlier** her luppes may he realised. 
And when so hless«*«l, slie hsiks w ith didight upon her cdfspring 
as nothing inferior to any in her native land, lndee<I, it may 
l»e sjiid that the nalive-V*<»rn <‘hildren of Anglo-Saxon parents 
are if anything an inipnA'eiueiit iip*>n the original HU»ek. 
Nowliere have w'e Ht?eri smth bright inU^lligeiit finies, wuth 
clear coiiiplexions and robust fraiiies, «*ia W'e have Keen among 
the youth of lK)th sexes in Austnilia. llie lK*auty of the 
young w'funen, esjxieially thoK<; Vuii in V^ietoriaaiid TsiHiiiania, 
where the climate is coolest, is the theme of all travelleiw and 
new'ly-anived settlers, who comshler them equal to the fairest 
English >rt*auticH, lieciiuse flaxen hair pmdoiiiiriaii^s. At the 
same time it must }>e staterl that the bloom of the Australian 
women is not so pennanent as that of tlioir Knglisli sisters. 
The roses that bud on their cheeks arrive mxinef’ at full bloom 
and then decay. 8o is it with the wdiole constitution. The 
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chilli airivefl «t maturity tvro or three yeara sooner, and the 
woman declines several yeara earlier 

421. IjontjrviUj, and Fatal Dimmt of $htni Duration, in 
Autttralia. — What may he the longevity of the native-born 
nu;o as compared with their prugeiiitora, tbeie is not suffi- 
cient time yet to determine. We arc of opinion that the 
lump of life bums monr quickly in that clime than in this ; 
so that the individual may iiot*reach an e.xtcnd«il numlx-r of 
years, liut if we take inti> consideration the long days and 
fine Hidubrious weather that prevail, the term of existence is 
incruitsed lK*yon«l the most favourable comlitions of long life 
ill Kuro|K!. Kven when disi>iute attacks the jtatient in Aus- 
tralia there is randy any lingering of chronic complaints. In 
that n-gion the cun* of disease is generally more rapid than 
ill KunijH*. and so also is the progress towonls dec,ay or death. 
You are either Uvoming rapidly convalesivnt fn»m an illness, 
or hurrying into your grave ; then* is no long lingering on its 
verge. 

422. //.>* Vlimatic Iiijiuenee in eh^ekiny the epread of Epi~ 
demiejt.- Accunling to J»r ]>ougan JJinl, the prevailing tyja-s 
of di.scus(.' are iliarrhiea, dysoiitcty, dys]>epsia, inflainmation, 
e«»iigc.stion, heart diseasi*, ajMjplexy, liver complaint (hut not 
scnftilou.'*), and uthera of au individual character brought on 
hy excess or im>guhirity of living. Although there is a gem*- 
ral alwencc of endemic diseases, yet-when fevers occur their 
course is very rapid, especially among childran, where there 
is pro]>ortiunHtely u greater mortality tlmn among adults, 
which ho attrihutes to their Ix'ing stufTetl with animal focxl. 
Of opideiiiic diseases nothing of a serious nature has been 
known to have passeil over the Australian colonii's since 
their foundation. Asiatic cholera in its vinilcnt form is un- 
known ; and where it has apimared at some of tlie seaports 
nil iKHird ships arriving from northern countries, it hits rapidly 
disap[M*nrcd in quarantine, assuming a mild form with small 
aiiiount of mortality. The same remarks apply to small-pox, 
against wliicif, notwithstanding the salubrity of the climate, 
stringent rcgulation8,aiv enfonx'd to prevent its introduction. 
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On one occasion within o\ir knowl^Hlgo tlie^HO n‘R\ilations were 
evaded at the port of MeUK>umc through means of a false bill 
of health, and this scoui^je of the north hcmis{ihero wa.s 
introduced by some immigmnts inti* that city. Several ca.>»es 
of a virulent form were tliseovered, and the government 
meilical staff adopted the liest pn*caution8 they could devi.se 
to prevent it spn;ading among the inhabitants. Fortunat«*ly 
this did not ensue, and all thosie suffering fn»m the diwase 
when they came on shore rapidly n*covcn*d, excepting one 
youth, who died. 'Without detracting from the efficiency of 
the meiiical as.sistance in arresting its pr»*gn'.ss, we arc inclined 
to consider that the exceptional natare of the climate in not 
fostering tubercular diseitses had jus much, if nut more, to do 
in checking it. otherwi.se it might have Ikhmuhc liH’nli.s**d in 
MclKnime. and ultimjitcly spread thn*ughout Australia, and 
established itself as an endemic disease in that hot n*gion, as 
it is in fndia and (.'hina. 

423. fytluhritij nf MoUmurnfi, nml Adelaide uudfr 

exceptional (.’(WiVA/JW. -- Taking the three chief cities of 
Australia — namely, Mellwurne, Sydney, and Adelaide — as 
examples of towns situated in a hot climate, with a low 
degree of mortality, the result is very remarkable. 'I’o tlie 
western boundary of MellKuime a swamp of gre.!iter extent 
than the city itwdf lies sweltering under the hot summer sun, 
with the sluggish ri\’er Yarra Yarra flowing along its margin. 
Yet no medical reports refer to this swamp os the generator 
of deadly malaria ; whereas if it were in China, or even in 
Italy, marsh-fever would lie the prevailing disease, with, 
doubtless, a large mortality from malarious diseases among 
the city population. At Sydney what are nailed the “ Ikitany 
Swamps ’* lie to the south of the city, but they do not presmit 
so unwholesome a sight as that at Melbourne, os the soil is of 
a very sandy nature. Still, under northern conditions of 
climate and snmmer-heat> these should evolve mnrsh-minsma, 
which they do not ; and Sydney is the healthiest city in 
Anstralia. Between the city of Adelaide and the shore of 
St Vincent Gulf, where the entrance tv the port is distant 
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Hoiiit! tMHilv** or fourtoon ntilurt, half of the intervening' land is 
nothin)' hut a tnud-HWuinp intersected by small creeks that 
rise and full with the tide in the gulC Lsxiking u]k>u this 
lorulity when it is low-water, 'luring a hot summer day, it 
presents all the conditions of a jiestilentiul sjiot cajiahie of 
spr«.>a(ling its deadly inlluence around for a circuit of at least 
otic hundred miles ; yet AdeLtide, though the least healthy 
of the three cities enumerated; is not an exce]ition to the 
general wduhrity of Australian towns. The marshy lagiiqes 
we have mentioned approach nearer than anything we have 
s<‘en to the mudily lands and creeks around Sliungliai ; and 
it is reasonahle to infer that, were these situated in the same 
latitude in the north hemisphere, they would also tie gene- 
rators of marsh-miasma It does not say much for the fore- 
sight of those who pitched u]sjn these sites for the three 
chief cities of Australia ; for had the climatic relations been 
the sam<‘ as in corn'sismiliug tt'gions of the north hemisphcn>, 
in all pmbahility they would liavu ranked with the most un- 
healthy towns in Asia or Kumim'. 

424. The iiiilul/rhiwi CUnmte admit* of Sh’epiny out in Hit 
Oiten Air irith impuuiiy . — In the government rejnirt on tho 
climate of Vich^ria the following passage occurs : — “ The uii- 
settleil habits and irn>gular mode of life. ncciMSorily attendant 
on the ra]iul colonisation of a gold-producing country make it 
impossible at iirst to astreiiain w'itl^ certainty the cffccta of 
tho climate on the health of the population. There can be 
no doubt that the character and severity of tho prevalent dis- 
eases must he materially affected by the rapid vicissitudes of 
temperature occasioned by extreme heat and low mean hu- 
midity ; but, on the whole, there is every reason to believe 
that tho climate of Victoria is one of the miMt salubrious in 
the world.” This applies mure isutieularly to the gold-min- 
ing, pastoral, and agricultural {lopulationa, or thorn exposed 
to the vicissitudes of a country life in a now colony, where a 
reckless mode of living is carried on, that in corresponding 
northern latitudes would create' an excessive degree of mor- 
tality. It is a common practice, when travelling in the inte- 
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riur lieyoud Uio a^tUnl clistrictii^ to in the open iitr, 
which may W done with imptitiity during the grmier part of 
thu yw. Kiglit aflk^r night have we alept under a pum4m*, 
wnippeil in im op^wum-rug* a t«aiUlK' fur tuir pillow, and a 
tire at eur fivt, without ctuitniciiiig the alight4*at roUl <#r 
rheuimicii* ailVctio!u To attempt hucIi a imHle of rt*at during 
the night, under oixlmary oin'niiistanoe.s, in any Kim>|M*:in 
• iimate. would sure l«» hrhig on 8ouie iiilnu-iU ut 

attempt. The highi^^t nit4M>f mortality in the rolony 
'4' Vktoria wiuf in ISot. during the gold -tlw**! very, when 
iintnignintA arriveti )»y J«ea in Imtl Hiiuitary fondition ; 
Vet the dealh*< did not exceivi the oivlinury mte of *20 jver 
1 M<mX V»ut the Ivst eoiii|uiMtive sitatistica on thin head eitf^l 
hy l>r lUnl tire th»' rates <»f inorlality among tin* lirili^'h 
tOHijw on foreign stations, when* Australia is at the ls»U<ini 
of the scale. Withmit entering into iletail, we find the high- 
est to Is* 30 in the lUOO at lierinuda; while in these colonies 
generally it is not mon? than 11 per 1000. 

4-5. in ih^ Mohi Clhnnte (»/ Nvir ZraUnvl 

indicate iU ^duhrify , — Here it may he said again that if the 
climate of Australia w*err*. as hunii<l and tho ground lis daniji 
it is in Great Brihiin, the settlers w*ho attempt io [uiss the 
night in the optm air of a forest wmuld rise in the morning 
with all the aches and rheumatic twinges that such an act would 
bring here. But we may instance New Zealand as a region 
where this may be done with impunity also, though it is 
more humid than England, and its hottest latitudes are a 
region of marsh-lands, without generating malaria. We have 
travelled through jiart of tliat r^ion during its wettest period, 
when our party were without a dry piece of clothing for 
several days, marching through swamps soaked with min, 
our boots filled with water which had free egress and ingress 
by holes aat in the toes and heela At night we lay upon 
the soft ground, with only a blanket on propsticks to keep 
off the rain,^ and in the morning we have wakened with our 
bodies litemlly immersed to the depth of two of* three inches 
in water. Despite exposure to the weather in this manner 
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for a week, and breathing an atmoepheie more or lew eata- 
rated with humidity, none of ua experienced the digbtest 
ailment afterwards, and at the time only the diecomforte of 
this mode of travelling. 

42C. Military M^ieal Reports erhihU low rates of Mor- 
tality and iJisease ammy the Troofw. — I>aring the unhappy 
wnni which have attendinl <iur crdonisation of these islands, 
the Hritish tnwps encountoml all the vicissitudes of weather, 
iiiiirching through ninrsh-Iaiids such as we have descrilied, 
ami yet they eiijoye<l the highest state of health, as shown 
by the following brief statement in the ‘Lancet’: — “It is 
jirulutblc that the llritish amty cngagiHl during the late war 
ill New Zealand eiijrtyed Itctter health, and snstaineil fewer 
lossc's, than in any previous minpaign. Dr ^lackinnon attri- 
butes this to the verv beautiful and salubrious climate ; and 
he atbls that the change which it cffccteil in the men of regi- 
ments arriving from India was most nuirked. Sickly and 
sallow-cuinplexiuniHl on arrival, they s«xm lust the marks of 
ill health engenderwl by tropical s<‘r\'ice, ami regained health 
and strength wdiilo iindergiiing arduous service in the field. 
The lato Stalf-Suigeon, I>r 'J’hompson, in his admirable ‘His- 
tory of Xew Zealand,’ pointed out the importance vf that 
country ns a sanatorinm for our Indian invalids. It is not a 
little curious that there is an entire absence of malaria in New 
Zeafiuul.” This immunity from ^iasmatic influences en- 
gendering disease impressed I>r Thompson all the more, as 
he saw extensive marslt-lands under a hot climate, which in 
India would have rendered them the hotbeds of malaria. It 
is therefore not unscientific to infer tliat some more potent 
influence must bo at work in neutralising the miasma that 
arises from the decayed vegetable matter in these swamps, 
which extend for hundreds of miles through the interior, 
than the ordinary effects of strong winds and stormy weather 
in clearing the air of noxious exhalations ; and that potent 
inflnonco we take to be the presence of a largew volume of 
carbonic acid* gas in the atmosphere of Hew Zealand than 
exists in India. Thus it may be found by actual experiment 
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that what causes the remarkable grwwth i)l' carUinifcrims vege- 
tation there may also account for the ulisence of malaritu 

427. llitjk Detjret' of Hoalth enjoyed by the yew Zeultnnl 
Colviu’etit . — Of the general ssilubrity of the Mew Zealaml 
climate there is abumlant evidence to be found in the medi- 
cal statistics issued in the settlcmenta; which, though vary- 
ing in degrees of latitiule and t«*mj>eraturt! to a much greater 
ilegrt'c than the British Isles, agrt>e in the immunity from 
endemic and deadly ej>i«lemic diseases enjoye«l by the colonists. 
After enumerating the leading clniriteteristius t»f the climate, 
one aci'ount states : — “ It is almost needless to add, that the 
most robust health is enjoyed by almost all persons who live 
in such a climate. The dtictor’s occu}uition would Ik* nearly 
gone, but that marriages are umloubU-dly rendered m«>re 
j>n.»lilic by the siune genial air which ream all the eliildr»*n 
in such Msy vigour." This will lead the remlcr to infer, also, 
that the same intluences arc at work in curing sterility in 
Women there as we have seen to e.\ist in AiLstralia ; but of 
this we have nut so many marked ciises. 

428. Dr Dieffenlnxek's Jiemar/cs uj/on the. Atmnee of Kn- 
tlemic Dieease^t, and Haluf/rity of Vlimute . — Dr DieirunlKu;h, 
who paid especial attention to the meteorology and sanatory 
condition of M'ew Zealand during his residence and travels 
throughout the greater part of the two islands, allunls us the 
following testimony to the salubrity of its climate ; — '‘As 
the atmosphere, by its moderate warmth, its humidity, and 
constant current, is peculiarly favourable to the vegetative 
powers, as we see in the luxurious growth of plants, so from 
the same causes it suits the human frame. In the families 
of the missionaries and settlers 1 oliserved no deviation from 
the original stock ; the children grow well and strong, with 
fresh and rosy faces, and I am satisfuKl that in tlris resiiect 
Xew Zealand is in no way inferior to Great Britain. A 
humid and temperate atmosphere acts especially upon pro- 
duction, bofli as it regards growth of the liody and the numeri- 
cal strength of families. Ifutrition and reproduction are in 
good order; in respect to the numerical strength of families. 
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thti climate aeema to Iw particularly DitTonrable to the increase 
ut‘ population — at least ^ the Europpana have large fitmilies. 
We sec the effect of this humid climate in certain diseases, to 
which Kuru])ean8 first arriving in this country are often sub* 
These are abscesses, or boils, and eruptive diseases ; 
neither, however, of a malignant character, and both dis- 
appearing without medical aid. Amongst the natives, car- 
buncles and diseases of the mudbus membranes are common : 
hero, however, other causes ore acting, of which I shall speak 
more hereafter. The European, when once acclimatised, does 
n(*t suffer from any of these causes. * True inflammator}' dis- 
itases ore uncommon ; the south-east wind of New Zealand is 
never us keen as our north-easter ; but, in consequence of the 
moist climate, such diseases always assume the character of 
catarrh. I am not aware that any endemic diseases exist in 
New Z«.‘aland ; influensa, however, and sometimes croup, 
appear epidemically. If care is not taken, rheumatisms also 
make their ap])earance. But it is certain that causes, wliich 
in Knglanil would produce violent colds and other injurious 
results, pass over in New Zealand without any bod effect, 
even to those ctdonists who are in delicate health. The 
purity of the atmosphere, resulting from the continual wind, 
imparts to the climate a vigour which gives elasticity to the 
physical powers and to the mind. Heat never debilitatee, 
not oven so much as a hot sammer'suday in England ; and, 
near the coasts especially, there is always a cooling and re- 
frcsliing breeze. The colonist who occupies lumself in agri- 
culture cun work all day, and the mechanic will not feel any 
lossitiuUs whether he works in or out of doors. From all this 
I draw the conclusion that, as r^iatds dimate, no country is 
liottor suited for a colony of the Anglo4Saxon race than New 
Zealand Invalids rapidly recover in this climate ; and there 
is no doubt that the presence of numerous thermal Waters in 
the North Island, and the attractive scenery, wiU make Now 
Zealand the resort of those who have b^n debilitated in 
India, and arefin search of health.** 

429. Hint* fora ATeis of Modieal Praetice by Aero- 

i K 
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pathy. — From our own experienc«i in aojourning for a short 
time and txaveUing thi^ogh these islands, we ean ftilly en- 
dime all that the Kwmcd doctor has slat4Hl in favour of tlie 
New Zealand cliiiiato; and. in like manner, ftom a imich 
longer residence and extent of tmvel in Ausimlia. we aeconl 
with all that I>r Biol aiul other nuMliiwl nuthnrituvt pronounce 
reganltng the salubrity of that gn^ater region in the saluttrious 
atiiu)S{dieFB of the stuitli hertiisphen*. i hi the priticijile that 
prevention is Instter tlnui ciin%” \vc woultl advise lhc»ik.* who 
have weakly (Mnstituthuis to avail theni8elv<^ <»f natim^'s 
vast laltomU^ry there, and inhale fit'sh dmnghts of pun* air 
highly ehaig<*d with the viud elements of oxygim and carbon, 
to a degree not fouml in the vitiateil atim»Hpht*n* i»f tin* north. 
And might not the physician, also, bike a hint from tlie 
foregoing data in lulopting a practice for the cun* i>f pub 
mouaiy consumption and other diseasc^s of the n^pinUory 
organs, more consonant with the ruitimil n*mi*dies existing in 
the southern atmos[>here t Formerly the treatment of such 
diseases was on the same Ixisis as most complaints, the curt* 
of which w*as through the mcslium of the stomacli, into 
which all sorts of mineral and vegt’talile ingre<lientH were 
empticNl, of which only the smallest w'hiff of their essence 
reached the aftectwl parts. Tliis modes of treating the organs 
affecte^l by breathing air has lieen partially modified by tin* 
inhalation of medicaments with liaths of heahnl air, ami io a 
certain extent with gisccess. But these medicaments are all 
of an extraneous character more or less to the vital elements 
of the air ; or if not so, they consist in simply inhaling the 
vapour of hot water. Now, would it not be well to cany' out 
Dr Le Play's system of respiring carbonic acid gas dilute<i 
with pure orrlinary air ; or what, in our opinion, would \k 
better, placing the patient in a chamlier constnicted so os tc 
admit of a factitious atmosphere highly charged with tha* 
constituent, or with oxygen gas, as the cose would sugges 
the treatment to a skilful medical practitioirerl In pursuin; 
such a system it would be necessary to proceeA cautiously i 
administering the increased volumes of carbon and oxygei 
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ftnd oftie diottld be taken that the vitiated air had free ventt- 
laiion. This suggestion we give oat with all doe modesty <m 
our part, os simply one of the deda<^ions from Uie great prin- 
ciple involved in,thu dissertation, on the appaiei^ difleiences 
in the constituents of the south and north aerial hemispheres. 
And as Uiore are systems of allopathy, homoeopathy, and 
kyilrrtpathy in the practice of medicine, there is no reason 
why a system of aer apathy might not be tried for the relief 
of afflicted humanity ; and it is just possible that it may tom 
out to be the most successful of ail the “ opathya” If the 
first ex]>eriment8 were found to be successful in a small 
chamber, the system could be extended, and large apartments 
UMitI, where many patients might inhale the reinvigorating 
medium ; and thus a buililing of iron and glass as large as 
the ('rystal Palace coulil be rendered one of the grandest 
«uiuitonH in the worhl for the cure of diseases of the respira- 
tory organs. 

430. Scope, /or improeiny the Science n/ Medicai Practice.. 
— Hitherto it wouhl appc'ar that those who study the prin- 
ciples of diseases and (heir cure cling too much to administer- 
ing crude medicinal sulistances, as distinguished from their 
refined or elementary condition, especially those that form 
the lifu-sustaining elements in the atmosphere. As it is 
understood that the greaU'r number of endemic an^ epidemic 
diseases enter the system in a gaseops or elementary form, it 
is logical to conclude that in order to arrest or cure their 
deleterious eifci'ts, a similar system of impregnating or inocu- 
lating the constitution with counteracting gaseous elements 
should bo pursued. As at present practised, medicine is 
more an art than a science, whereas it ^ould be the tis pine 
ultra of the physical sciences. Nevertheless the highest 
praise is due to those eminent members of the medical pro- 
fession whoso aim is to progress in the field of^lisoovory 
opened up by exjierimental science. 

431. Pro/ceaor Simpaon'e AdJreee to the Gradtadee of 
Edinburgh Enieereity, — On tliis head wo find the most 
advanced views reoonunended by Professor Sir J. Y. Simpson 
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ill his address to Uie graduates of Eilinbuigh University at 
the close of the session of 1867-68, wherein ho makes the 
following remarks: — “ During the present centuiy the scaljwl 
and the microscope have developed for us a vast amount of 
new and most invaluable facts in the way of morbid anatomy 
and pathology; and tlm field is by no means yet exhausted. 
Science has, at the same time, hiboured most successfully to 
place in the hands of the medical practitioner means and instru- 
ments by which we can perceive and discover the pathological 
anatomy of Viiriuus organs within the bo<ly of the living 
individual. Tims, for example, by the invention of the 
ophthalmoscope we can look into that dark inner cbamlier of 
the eye where shiidows and soul — whore mutter and mind — 
so mysteriously meet and commune with each other, and can 
distinctly see the various diseases that may affect its wall.t 
or its fluid conb'iits. The laryngoscope exposes fully in a 
similar way to our inspection the interior of the organs of 
the voice. The endoscope reveals to ns the conditions of 
other internal c.anals and organs. While to the in.struct<Hl 
ear of the physician the steihosco]>e whispers back tiie 
diversified morbid conditions of the lungs — telling wondrous 
secrets as to their exact nature and precise scats. In this 
great line of discovery new victories arc certain to bo won. 
Do you ^|arch out other ailditional physical means of diag- 
nosis for these and ot^er visci'ia. Possibly even, by the 
concentration of electrical and other lights, we may yet 
render many parts of the IxKly, if not the whole IsKly, suf- 
ficiently diaphanous for the inspection of the practised eye of 
the physician and surgeon. But the future greatest conquests 
for you, and for the coming race of physicians, are probably 
to be gained by researches in pathological chemistry and 
therapeutics. Pathological chemistry contains, doubtless, a 
rare and rich and most extensive mine of priceless ores and 
products for the future advancement of theoretical and prac- 
tical medicine, and the only shafts yet attempted to lie struck 
into its lodes have barely touched the mere Burfaco of its 
boundless wealth. The most practical, however, and so far 
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Uic most important objecta for calm, earnest, and faithful 
rcsttarches on your part, arc probably to be found in the wide 
field of therapeutics. For the department of therapeutics, 
tliough the most important of all departments of physic, has 
hitherto been the most neglected of all — the one regarding 
which we know the least. The physiological modes of action 
of medicinea form a labyrinth, or series of labyrinths, to 
which we as yet in fact posscs8*no clue. Will you strive to 
unlock its secret entrances f Ifcsides, we know not enough 
of the simple powers of our drugs; though the practice of 
medicine is essentially and ultimately the practical applies* 
tion of therapeutic agimts. In making this statement do not 
inisconstrue my meaning. Tlic young physician trusts, per- 
haps, too much to mere drugs ; the aged physician, perhaps, 
too little. The training of the philosophic physician consists 
in teaching himself when to give medicines, and what medi- 
cines; — and in what cases, and at what times, he should 
abstain from all drugs, and trust to nature, or to nature and 
hygienic means alone. He knows that a masterly tnactivity 
is sometimes far more safe for his patients than the most 
efheacious but officious druggery. Bnt when medicines arc 
used, they should be the best and surest We have a formid- 
able farrago of them from the vegetable and mineral king- 
doms — many inefficient, some doubtful, and almost all repul- 
sive in character and form. A most, extensive field for new 
investigations in this line lice temptingly open for the young 
and ambitious physician in the almost innumerable series 
of chemical compounds which modem organic chemistiy baa 
evolvetL Among this world of new compounds will probably 
be yet detected therapeutic agents more direct, more swift, 
and yet more sure in their action, than any which our present 
pharmacopoeias can boast of. It may be, also, that the day 
will yet come when our patients will be asked to Htesthe or 
inspire most of their drugs instead of swallowing them ; or at 
at least, when they will be changed into pleasant bever^tss 
instead of dfcgusting draughts and powders, boluses and 
pilla.” Towards such a oonsommstion is tbs tendency of 
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what has been advanceil in the foregoing chapters on ** The 
Air.” All we attempt to point out in the disparity of tlio 
aerial hemispheres is to suggest to scientific men in Euroj)i% 
who have no practical knowletlge of the south heinis]diere, 
to extend their iiiA'cstigations into tliat distant field, where 
they will proWbly find solutions to problems in the north for 
the l>etter sanitary condition of the human race. 



CHAPTER XX. 

KKMAliKAllLK TIIYSICAL AHPBCT OF SOUTU AMERICA. 

Concltutiotu 


Brief noti<'e« of otlier oltmaieA in the Mmth hemUphere^ | 432.— -Deadly 
iiaturr uf the climate in the weatem of Narihern Africa 433. — 

Coui}kanitive aiihibrity of ilie 4South African climate, 434.— Peatilential 
aiiiuKmi cif northeni deaerta compared with innocuous south hoi minds, 
4<ir>. ‘Salubrity of the cUiuatea ol South America as compared with iboaa 
of Central and North America, 436. — IIuml*oldt*s compantire tablet of 
teiii|ienitun* in the north and fk>oih’ heittispherea, 437. — Tree-ferns grow 
in higher south latitudes than they do in north jmrallels, 436. — Hum- 
lioldt'H retiiarks on the controvewy reganling the New and Old Worlds,” 
439. -Aiwuiiied diH|»arities in the east and west hemispheres have no 
foundation in nature, 440. — Arbitrary partition of the world into east 
and west divisioiiH iiistituteti by the lii|»acy, 441.— Artiftcial divisions in 
gei>grap1iy have no relation to natural divisions, 442. —Professor Agaasii 
on the remarkable geological phenomeiui of Bnudl, 4434 — Geology essen- 
tially a study of extinct vitality and physical activity, 444.— Geological 
dilemma of theory and uWrvation, 445.— Importance of geological de- 
diiction.H to the hixly |)olitic and government of a nation, 446.— Terrible 
eifecU of the earthquake at Taciia in Peru described by an eyewitness, 
applied to the London district, 447. — The e]>och of great volcanic violence 
has pasMMl away from Europe, 448.— ScientiUc missions should be ap- 
(Kiiiited by the State, 449. — Different efkcU of the raietied air in the 
Andes and Aljis u|»on travellers, 450.— Speculative hypothesis on the 
carlmnic structure of the sun, 451.— S|iectral analysis of a telescopic 
comet seen in 1868, 452. — Deteniiination by the s|)ectrum to have an atmo- 
sphere of volatilised carl>on, 453.— Remarks on a concentration of the 
physical sciences into one great science, 454.— Reflections on the desir- 
ability of acoumpUshing that object, 455. — All nature proclaims a principle 
of physical binary division dual in phenomena, 456.— Ooncltt<ftng remarks 
on the general subject of the work, 457. 


432. iVWrVfvi o/ oiAef Climatic in the South jKTewii- 

ephere , — Having entered so fully into the climatic phenomena 
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of Australia and Now Zealand, wo shall only briefly allude 
to those of the temperate ri'gions in South Africa and South 
America, in support of our theory. The salubrity of the 
Cape of Good Hope has been known from the earliest days 
of the Dutch settlers, who, in their sul)sequent migrations 
inland, found the climate, even into the tropics, of a healthy 
character. It is true that at Capo Town fever apiH'ars oiv 
casionally as an epidemic, but it has been attributed to the 
bad drainage of the town and the fllthy habits of the native 
population. In the far interior, where intrepid missionaries 
have taken up their abode to convert the heathen, the climaU' 
is described as being salubrious, and not injurious to Euro- 
peans as long as they keep from the low lands near the 
coast. Even there we have the testimony of travellers that 
there is a great disparity between the mild insalubrity of the 
climate, compared with the deadly nature of the tropical 
regions in Northern Africa, especially on the west coast. 

433. Deadly Nature of the Climate in the Weetem Iteifioru* 
of Northern Africa . — “ The whole of the Gold Coast is ex- 
tremely unhealthy, owing, it has been alleged, to the sudden 
extremes of heat by day and cold by night, and to the thick 
sulphureous exhalations which rise from the valleys every 
morning, and diffuse themselves far over the surface of the 
land, spreading death and disease amongst the white popula- 
tion. In the midst of the most beautiful scenery, where 
trees and rocks and still waters and a delightful verdure 
give assurance of an earthly paradise, the angel of death 
lorks^unseen, and strikes down his victims without warning, 
and while yet in the pride of their strength. The appalling 
number of deaths that have occurred in the various expedi- 
tions that have gone to the coasts and the interior of West- 
ern Africa, bear fearful evidence of the filial nature of the 
climate. , Upwards of a third of all the Eoropeans who have 
endeavoured to ascend the Senegal river have perished in 
the attempt ; and nearly a half of those emnposing the expe- 
dition sent out by Govemmenl^in 1816, to explore the River 
Zaire, shared a similar fate. On that occasion the common- 
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<lpr, Captain Tuckcy, hiH lieutenant, the punier, ten of the 
erew, and four Bcientific gentlemen, all died within three 
months ; and in the case of the Niger expedition in 1841, no 
fewer than 41 Europeans out of 145, including several officers 
and surgeons, dieil in less than two months. On this exp€^- 
dition num<*n)us cxfieriraents were inaile to test both the air 
and the river-water, for the puriK>8e of ascertaining whether 
they contained, as by many it w;i8 alleged they must, an 
extra quantity of sulphuretted hydrogen gas, supposed to lie 
the agent of death in these regions, and to be due to the 
<|uaxitity of deconipcksing vegetable matter abounding in the 
rivers; but though conducted with the greatest care, from 
none of the exfieriniciits di<l it appear that the gas in ques- 
tion existed in excess, either in the air or the water. In 
Sierm I^ne, perhaps the most unhealthy 8;>ot in these un- 
healthy regions, tiie mortality among Europeans is very 
gn*at — few ships resuming without losing some of their crew, 
and not unfrequcntly so many, that they are unable to leave 
the port until others have been obtained. The number of 
governors that have {lerished here from the effects of the 
climate, one after the other, is another striking evidence of 
the singular insalubrity of its atmosphere. The agent of 
death in nearly all these cases is fever, generally violent, and 
of the remitUmt type. Besides the known and alleged causes 
for this fatality, there are other and^ mysterious influences in 
operation ; for in the case of the expedition commanded by 
Captain Tuckey, the journal of that lamented officer bore, 
that no climate could be finer than that they were eiyoying ; 
that the thermometer was never below 60^ during the night, 
and seldom exceeded 76^ during the day, no rain, and the 
sun seldom visible.’’* Might not these mysterious morbid 
influences in the air be accounted for on tW hypothesis set 
forth in the foregoing pages; and that the m^aria of the 
North African atmosphere is not neutmlised or deodorised, in 
consequence of the diminished volume of carbonic acid gas 
and oxygen m its vital constituents f 

* Art. ** Africa,** * Iro^rial Oaseitetr,' edited by Dr W. G. Blai^le. 
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434. ComjHiniiive Salubrity of the Stmih A/rieiin Climate, 
— As a contnist to the deadly offeets of the climato in North 
Africa upon European travellers, we nmy instance the fact 
that all the recent explorers in the southern division of that 
groat continent have ivturned safe from the interior, most of 
them after many years of travel, to proclaim their geogi-aphi- 
cal discoveries to the world. (.>f these hei*oos of discovery 
we need only mention Si>eke‘, Grant, and Ihiker, who tnieed 
the lake system south of the etpiator, as the true source of 
the Nile, all of whpm returned to England in good health, 
notwithstanding the marshy n^gions they had pa.ssed through. 
But more sur]>ri8ing than the.se cases, or of any otlier African 
explortT, is that of the renowned Dr Jdvingstone, who, after 
sixteen years of re.sidence and tmvel during his first ex[>edi- 
tious alone, tmversing South Africa from the (,’apc (Johuiy 
into the far interior, where ho crossed the continent frt»iii 
west to east in tropical latitudes, y(*t livtid to reiich England 
in comparatively gtxxl health, and surpriscMl the whole of 
Europe with the recital of his travels in that terra inr.oijuita. 
Without entering into any detail, it will suffice to say that in 
travelling Iwyond the Cape (^»lun\', some 1500 miles into the 
central rf*gion, he descrilied his journey with his family in a 
waggon as a prolonged system of pic-tiickiiig ; excellent for 
the health, and agrcx^able for those who ara not overfasti- 
dious alxmt trifles, and lyho delight to be in the open air.'* 
As a medical practitiemer he gives a most favourable opinion 
of the salubrity of these central huirls, oven on the l)orders of 
the Kalahari Desert, which is intenH^cUj^d by the tropic of 
Capricorn. He recommends that region as eminently suited 
for the cure of pulmonary consumption, if the patients could 
aflbrd the time and means to reach it Here, therefore, we 
have the testimony of the learned Doctor that the salubrity 
of the atihosphere in South Africa, together with its curative 
prr^perties in tubercular diseases, corresponds with what Dr 
liottgan Bird states conoefning the healing influences of the 
Australian climate in the same class of diseases. * 

435 . Pe$tilential Sinwom of Northern Deeerie cmnpared 
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With hniocuijiijf South Hot Wuuh, — It may be advanced, in 
explanation of this appart^ntly exceptional salubrity of an 
African climate, tliat the warm drj' air of the desert sweeps 
away malaria. There is no doubt that the hot winds that 
blow from the deserts in South Africa are similar to those in 
Austmlia, as being innoi uouB to the human constitution and 
free from malaria. On the other liand, it is well known that 
the simoom or hot blast tliat sweeps over the Desert of Sahara 
Is a |K;8tilential wdnd, iKuiring disease and death on its wings. 
AVe an3 told by truvellers who liave ex].»erienced its effects, 
that the native Andis on its approach dread inhaling the air 
so intich that tli<*y fall <iu their faces and hold their breath to 
avoid its dcjidly intluence. During its continuance fever and 
ophthalmia ]>revail — the latter bidng caused by the fine sand 
with which the air is chaiged. We have not hc^anl of any 
lKUi<‘ful effects fn>m the hot winds in South Africa, and we 
know from ex|HTieiice that there is no danger to ho appre- 
hended fn»m breathing the hot wdiids in Austmlhi. We have 
riilden across plains and owt open foresi-Iands for many miles 
ill the face of the Australian siiiiooin, and we have cx[HMience<l 
no ill effects fixuii bn*athiitg it bi^yuiid the temporary discom- 
forts u{ a parched tongue and mvitrils, and the healed current 
of air rcaeliiiig 1 10® of Fahrenheit. ^ 

43G. Soluhritij of the Clinmtes of South America ae emn* 
}Hired with those of Central ami Jj[orth Amentbei.— ->Soath 
America is chonicteriseil by the same general salubrity of its 
various climates ns South Africa, although there is not sneh a 
disparity lietweeu it and the uorUiem continent as wo have 
seen exists in its coiitein|H»iury across the Atlantic* Yet the 
unhealthiness of the Mexican coast-lands and those of Central 
America are wndl known* On the other hand, the tropics of 
South America are faiuotl fur their immunity tiom pestilence^ 
and comparatively cool climate* ** There are no partf of Souik 
America so hot as wo should be led to expect firom its gech 
graphical position — a result producA^by the operation of the 
f miiA^iiMnds. Aimosuherieal influences of the huge^haln of the 
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434. ComjMtmik'e Halubrity of the A/uth Climate. 

— As a contrast to the ileadly effects of the clituatu in North 
Africa upon Eun^peaii travellers, M’e may instance the fact 
that all Uie recent explorers in the southern division of that 
great continent have returneil safe from the interior, most of 
them after many years of travel, to proclaim their ge«^raphi- 
cal discoveries to the world. Of these hena'S of discovery 
we need only mention SiK'ke; Grant, and Baker, who traced 
the hike system south of tlio otpiator, as the true source of 
the Nile, all of whom returned to England in good health, 
notwithstanding the marshy regiims they had passed through. 
But more surprising than these csises. or of any other African 
explorer, is that of the renowned I)r l.ivingsU)ne, who, after 
sixteen years of residence and travel during his lirst exj>e<H- 
tiuns alone, traversing t:>outh Africa fnmi the Cajw t 'oloiiy 
into the far interior, where he crossctl the continent fnuu 
w‘est to east in tropical latitudes, yet lived to n^ich England 
in comparatively gocsl health, and surprisefl the whole of 
Eurojie with the recital of his travels in that terra meognita. 
Without entering into any detail, it will suffice to say that in 
travelling beyond the Cape Colony, 8«jmc 1500 miles int«> the 
central region, he descrilicd his journey with his family in a 
waggon as “ a prolonged system of pic-nicking ; excellent for 
the health, and agreeable fur those who are not over-fnsti- 
dious about trifles, and '^ho delight to be in the oiten air.” 
As a medical practitioner he gives a most favourable opinion 
of the salubrity of these central lands, even on the borders of 
the Kalahari Desert, which is intersected by the tropic of 
Capriconi. He recommends that region as eminently suiteil 
for the cure of pulmonary consumption, if the patients could 
afford the time and means to reach it. Here, therefore, wo 
have the testimony of the learned Doctor that the salubrity 
of the atifiosphere in South Africa, together with its curative 
properties in tubercular diseases, corresponds with what Dr 
Dougan Bird states conoefning the healing influences of the 
Australian climate in the same class of diseases. ** 

435. Pegtileniial Simoom of Northern DeeerU compared 
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with httuiewmtt South Hot ir#/«/A— It nmy bo admioed, iu 
uxplunatioii of thiii api>atently exceptioiial salubrity of an 
African climate, that the warm dry air of the desert sweeps 
away malaria. There is no doubt tliat the hot winds that 
blow from the deserts in South Africa are similar to those in 
Australia, as being innocuous to the hiuuan constitution and 
free from malaria. On Utc other hand, it is well known that 
the simoom or hot blast that swdeps over the I>e8ett of Saham 
is a }iestilential wind, bearing disease and death on its wings. 
We are told by travellers w’ho have experienced its effects, 
that the native Anibs on its approach dread inhaling the air 
HO much tluit they full on their faces and hold their breath to 
avoid its deadly iulluenco. During its continuance fever and 
ophthidmia prevail — the latter ladng caused by the fine sand 
with which the air is charged. We have not heard of any 
liuni'ful effects fn>m the hot winds in Sooth Africa, and we 
know from exjM?ri«.‘nce that then* is no danger to he appre- 
IuuuIchI fnun breathing the hot winds in Australia. We have 
ridden across {dains atul ov(*r ofieti forestdands for many miles 
in the face of the Ati.stmlian siiiitK)!!!, and we have experienced 
no ill effects from bmithing it beyond the temporary discom- 
forts of a ]>arched tongue and nostrils, and the heated current 
of air reaching 1 10® of Falircnheit. * 

436. Sulubritij of the Climatee of South America as cow- 
pared with iho«e of Central awl North AmeWco.^Sonth 
America is cliaracterised by the same general salubrity of its 
various climates os South Africa, although there is not such a 
disparity betweeu it and the nortliem continent as we have 
seen exists in its contvmiK>tuty across the Atlantic. Yet the 
unhealthiness of the Mexican coast-lands and those of Central 
America are well known. On the other hand, the tropica of 
South America are famed for their immunity from portilenoe, 
and cora])arativcly cool climate. ** There are no psrts^of South 
America so hot as wo should be led to expect from its geo- 
graphical position — a result product* by the operation of the 
trade-winds, atmospherical influences of the hugetihain of the 
Andes, and other physical causes. The burning beatl of the 
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plains of Arabia are unknown on ibis continent. In the 
steppes of the Caraceas, the hottest region of South America, 
the temperature of the air during the day is only 98° in the 
shade, while it rises to 112° in the sandy deserts around the 
Red Sea. Throughout the whole l»asin of the Amazon, which 
comprehends between 2,000,000 tuul 3,000,000 square miles, 
the clunate is neither very hot nor unhealthful, though under 
the equator. . . . Brazil, anil the count rj' extending frt>m it 
westward, enjoy an equable and temperate climate.” * ** (’hili, 
Buenos Ayres, the southern part of Brazil, and Peru, enjoy the 
cool summers and mild winters of a true imtilar climate, owing 
to the narrowness and <‘ontraction of the continent towartls 
the south. This advantage of the soutluTn hemisphert; is 
manifested as far as 48° or 50° south lat. ; but beyond that 
point, and near the antarctic pole, South America is an in- 
hospitable wjiste.”+ Nevertheless there exists, in all the 
varied regions of that immense continent, an atmosphere of 
great purity, whether on the vast plains of the Llanos or the 
elevated regions of the Andes ; while the coast-lands on the 
Pacific and the Atlantic are comparatively free from those 
deadly endemic diseases that prevail on the ctiasts of Central 
America and tropical North America. Without entering fur- 
ther into detail on this jwint, we shall close this portion of 
our subject by quoting Humboldt’s remarks on the tempera- 
ture of the southern continental masses, and the general fact 
that the south hemisphere is cooler and more salubrious than 
the north. 

437. IIumboldf$ comparative Tables of Temperature in 
the North and South Hemispheres . — In illustration of this ho 
shows that “ the different degrees of latitude at which the 
southern extremities of Australia, including the island of Tas- 
mania, of Africa, and America, terminate, give to each of these 
continenfb H$ peculiar character. The Straits of Magellan lie 
between die parallels of 53° and 54° south lat., and, notwith- 

* All "Amoira,’’ 'Imperial Oaxettcer.* 

' t Humboldt’s 'Views of Nature.’ 
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Btanding thiB, the thcrinoiueter falla to 44*’ Fahrenheit in the 
montIts of December and January, when the eun is eighteen 
hours above the horizon. 8now fulls almost daily in the low- 
lamls, and the maximum of atmospheric heat observed by 
Churucca in 1788, during the month of December, and con- 
sequently in the summer of Unit rcigion, did not exceed 52° 2' 
Fahrenheit. The Calx> I’illar, whose turret-like rock is only 
1 394 feet in height, and which forms the southern extremity 
of the chain of the Andes, is situated in nearly the same lati- 
tude os Ilerliu. Whilst in the northern hemisphere all con- ’ 
tinents full, in their prolongation towards the pole, within a 
mean limit, which coiresimnds Uderably accurately with 70°, 
the southern extremities of America (in Tierra del Fuego, 
which is so deitply indented by intf'rsecting arms of the sea), 
of Australia, and of Africa, an; respectively 34°, 46° 30', and 
56° distant from the s«mth pule. The temperature of the un- 
e<iual extent of (M;uan which taqiarates these southern extre- 
mities from, the icy jK*le, contributtss e-sscntially towards the 
modification of the climaU*. The areas of the dr}’ land of the 
two hemispheres seqiarated by tlie equator are as 3 to 1. But 
this deficiency of continental umsscs in the southern hemi- 
sphere is greater in tlio temperate than the torrid zone — the 
ratio in the former lieing os 13 to 1, and in the latter as 5 to 
4. This great inequality in the distribution of dry laud exerts 
a ]>crcc]>tible influence on the strength of the ascending atmo- 
.spheric current towunls the south ]>ole* and on the temperature 
of the southern hemisphere generally. ... I subjoin the few 
certain data of temperature which at present we jtossess of the 
temperate zones of the southern hemisphere, and which may 
Ih) coin{>ared with the ii'mjteratutes of northern r^ions in 
which the distribution of summer heat and winter cold is so 
vuuMiuol. I make use of the convenient mmle of notation 
in which the number standing before the fraction •indicates 
the mean annual temperature, the numerator the winter, and 
the denominator tlie summer tempeia^ure." * 

-• * Humboldt** ' Views of Natura.* 
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Places. 

South Ijitituilo. 

t 

f j 

Mean Anniml, Winter, and 
Suiiiiuer Teinperaturea. 

Syilney (Australia), . . 

38“ 50' 

\ 

64*. 6 

54*.5 

77*.5 

Cape Town (Africa), . . 

33* 55' 

65*. ' 

5S*.5 

73V2 

lUienos Ams, .... 

34* ir 

«2*.4 

52*. 5 

73*0 

Monte Video, .... 

34* 54' 

67*. 0 

57*. 4 




77*.5 

Hobart Town (Tasmania), 

42* 45' 

51!’. 5 

42;M 

t;ir.o 

port Famine (Straits of ) 
Magellan), . . . ) 

53* 3S' 

4l!*.t) 

34*. 7 
50". 0 


433. Trfif*‘Fenii< (/row In hlf/Iter South iMtitfutes than fhey 
do in North PnrothU . — In th<j sann* with tlu* forr* 

going illastrathm ftf noutlujm knii)<;ratiinj this einiin'nt au- 
thority on physical phenomena remarks as follows upon the 
remarkable growth of arlKirescent ftfrns in the south tempe- 
rate zone, but without assigning any special cause to account 
fork: — “Some of the’noblest forms of tnjpical vegetation, 
as for instance tn^e-fenis. advance south of tlic e(juaU)r to tint 
parallels of from 46® to 53®, whilst to the north of the eejuator 
they do not occur l^eyond tlie tr(»pic f»f f/ancer. Troe-fenis 
thrive admirably well at Hobart Town, with a mean annual 
temperature of 52®. 5, and therefore on an isothermal line less 
by 3®.4 than that of Toulon. Komc, which is almost one 
degree ot latitude further from the erjuator than Hobart Town, 
has an annual temperature of 59®.7 Fahrenheit, a winter tem- 
perature of 46®.6 Fahrenheit, and a summer temperature of 
86® ; whilst in Hobart Town these three meaiiw are respcjo 
tively, 52®.5, 42®. 1, and 63® Fahrenheit. In Dusky Ifey, 
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Xow tn^e-ferns thrive in 4C® 8' lat, and in the 

Aucklatul and Campbell Inlands in 53® lat*’ Fnjm theae 
examples we Hdi that the extension of f$onie of the noblest 
forms of tropical vi‘getation ” into tempc‘raUj regions does not 
4!ei>end u]Km a high degn*e of heat in these latitudes, other- 
wise tn^e-fenw would grow in the oj>cn air in any of the 
warmer parts of the nortii teniiHiraU? zone, which thc^y do 
not* Oil the other hand, ivo«lind them growing in south 
t4*m]K*rute climate as cold as, if not coMer than, England, 
wh<»re th«‘y would {H*rish in the open air. We Wk U|k>ii 
these fjwts, thert»foro, {Ktinled out hy the grcwitest phj'sical 
])hil(>Hopher that \ui» yvt ap|M.*ared, in illii.stration of the dif- 
fenuieu Ivetween the climatic relations of the north and wmth 
hemispheres, as further cbUi in support of our theoiy^ that 
the atmosphere in the latU*r division of the earth is more* 
nighly chargetl with carlKmi^: acid gas — the jiabulum of vege- 
tation — than in the fonner <li vision. 

439. IIumhaldi^H Urmark^ on the. Contr^eerAy reffartling 
the “AV/r and (Pld WorhW' — It must not Ikj 8up{x>sed, 
lunvever, that IIumlKddt himself entertaintMl simUar views, 
i )n the contrary, he was such an advocate for the uniformity 
of all g(;ogm>stic phenomena in ixdnt of geological time ainl 
tern*.strial extent, that lie argues against such a proposition in 
tile structure of the earth, which he holds as one great contiiieii- 
bil mass being upheaved sultsequent to another, afl^^r the la]ise 
(»f 84»venil 4»ix>ehs. His views on this question were elicited 
iluring a scientific controversy Wtween the of Europe 

and Americi% roganling the geological agevs of the old and new 
continents, to which he RdenEin his ‘Views of Nature* as 
follijws : — “ The remark has lH*en ttK) frequently made by 
authors of gimeral and vrelUattestetl merit that America was 
in every souse of the wonl a netc continent The luxuriance 
of vegetation, the vast mass of wat4‘r8 in the rivew, ami the 
continued activity of groat volcaniHun, confirm the fact (say 
these writers) that the still ngitatiHl ^nd humid earth is in a 
comUtiou affroximating moit^ closely to the chaotic prim« 
onlial state of our planet than the old coiitiuent Such 
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ideas apjiearrd to mo, luug Wfuio my travels in thoso regions, 
no less unphilosuphtcal thou at variance with generally 
acknowledgiil physictd laws. These inmginary rcprosentii- 
tions of an earlier age and a want of repose, and of the in- 
creasoil dryness and inertia with the incn>asod age of our 
globe, could only have been framed by thoso who 8*<ek t«> 
discover striking contnists between the two hemutplieres, and 
who do not endeavour to censider the construction of our 
terrestrial planet from one grand and general jioint of view." 

440. Aifsuiiwtl in tin' KaM ami HVs/ Hemi- 

spheres have no fonuihition in Xutnre . — It is important U> 
observe that the two hemispheres alluded to in the foregoing 
extract are the east iUid west binary divisions of the earth, us 
delineated on the unlinary heinispherienl mu{>s of the world. 
This we infer from the text which this is inUmdetl to illus- 
trate, wherein he compares the climatic relations of the whole 
American continent, north an«l south, with the entire con- 
tinent of Africa, im follows : — “ A numlHir of causes, many of 
them still but little understood, diminish the dryness and 
heat of the New World. Among these are— the narrowness 
of this extensively indented <s)ntinent in the northern part of 
the tn>pics, where the fluid Isisis on which the atmosphere 
rests (x;casions the ascent of a less warm current of air ; its 
wide extension towards both the icy jroles ; a broad occjin 
swept by cool tropical winds ; tins flatness of the eastern 
shores ; currents of crrld sea-water fnnn the antarctic region, 
which, at first following a din'x;tiuu fn)m wjuth-west to north- 
east, strike the coast of Chili Irelow the ]>arallel of south 
lat., and advance as far northson the coasts of Peru os (Jape 
Parino, where they suddenly diverge towards the west ; the 
numerous moutitains abounding in springs, whose snow- 
crowned summits soar above the strata of clouds, and cause 
the descent of currents of air down their declivities ; the 
abundance of rivers of enormous breadth, which, after many 
windings, invariably seek the most distant coast; steppes, 
devoid of sand, and therefore less readily acquirCsg heat ; im- 
penetrable forests, which, protecting the earth from the sun’s 
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ray8» or mcluint heat from the siirfitce of their leaves, cover 
the richly-watered [tlains of the e<iuaior, and exhale into the 
iiiiorior of ilie country most remote from mountains and the 
ocean quantities of moisture, partly absorbe<l and 

partly genemted ; — all these causes produce, in the flat por- 
ti«>ns of Americii, a climutc which pn^sents a most striking 
contrast in |Hunt of humidity and coolness with that of 
Africa, On thesis alone depemhthe luxuriant and exuberant 
vtjgetalion and that richness of foliage which are so peculiarly 
characteristic of the new ctjiitinent. If therefore the atmo- 
sphere on one side of our ]>lanet be more humid than on the 
other, a consideration of the actual condition of things will 
be suflicient solve the problem of this inequality. The 
natural idiilosopher necil not shroud the explanation of such 
]>henoincna in the g;irb of g<H>logical myths. It is not neces- 
sary U) assume that the destructive conflict of the elements 
raged at different ejxK'hs in the eastern amt western hemi- 
spheres <luring tlie early coiiditkm of our planet, or that 
America emerged from the chaotic covering of waters as a 
swampy island, the aknlo of crocixliles and serpents.” 

411. Arhitranj Partition of the Worht into East and WVsf 
Divisions insiitnted hj the Paimcij, — ^We submit that these 
arguments of Humboldt agiiinst the hypothesis of a supix^sed 
disparity between the eastern and western hemispheres do 
not affect what we Imve advancoil re^riing the atmospheric 
pbenonn*na (»f the south and north hemispheres. The latter 
are natural divisions, where the seasons occur at op|H>site 
periods of the year ; w*hile the former is a mere arbitrary 
dissection invented by man for^tho aggrandisement of certain 
states during the early days of geographical discovery in the 
sixteenth century. “ So powerful was the sway of the Popes 
in those days, not only over the religious government of 
(.’hristemlom, but the teiniioralitics of the ChristiaiT |K>were, 
that no voyages of discovery W’ere undertaken without an 
appliaition to tlie itugning PoiUilT for«])ermission to annex all 
countries tlM4Pwere not Christian. It was arg\ied Hhat the 
successor of St lV*ior, os the Vicar of Ji^us Christ, had Uic 
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power of ilisjK>sini^ of surh kingtloins as 11*4 {M'rtaiii to 
Christian potentatt's. Tho TopfiS Martin V.. Ku};«*nin^ IV., 
and Kieholiis V., had alroa<ly invr>t»‘d VorttJpil with tln' 
empire of all the oountries tlu‘y had hilhert 4 » disco\«'ri*d on 
the ooiist of Afrioa. Alexander VI., to whom, aflt-r tlu* 

voyagt* of Columbus, Sjiain and Portug.d j)ri*ft‘vn'*l at the 
Siune instant their prt'tonsions, marked out a line traversing' 
the twi» |>ole$ whieh divid»‘d die terrestrial ^dobe.* 'I’liis lijit 
demar^ntinn, as it was di si^naled, j»assed ihroup'h thr first 
meridian laid down by Ptideiny arross one of tin* <*anary 
Islands. Henee iiO»se the divi.sion of the worM into the 
eiiste*rn aiul wi*>tern h<*iins|iht‘res, wdiich jH*rtains to tin* pre- 
sent day, Jind is huiiiliar to every tyo» in ^'eo^niphy/* * 

442 . AHkT}*^l*di)lvL<luns in ( jdi\f hnnr ftn rrhtiinu ft) 
Nnturnl I)iri.<i*/n^, — It will lx* apparent, lhi*refore, to the 
most onlinarv ea]>aeiiy, that these artitieial oc‘eidental and 
c»rienlal hemispheres hav<‘ no relation wha1i‘verto tie* natural 
north and south divisions at the eijuat<»r, espeeially with 
i*eferenee to the atino.spln're and the vic issitudes of tin* sea- 
sons in the temperate zones heyond tin* ealm-helis of tin* 
trf>pies, whic h form the leading .suhjeet of our work. Neither 
do the strietures of IlumlHildt ajjply to tin* gc*ologieal dispar- 
ity w'e have shown betwaxui the north and south hemispheres, 
imisinuch as it is chi<*fly the prejamdenincci of (‘li‘vat<Ml land 
in the fonner upon wjiieli we liave l);i.se<l our theory c)f tin? 
origin of the seasons, jus the result of internal terre strial 
forces. At the same time, wa? eannot overlof>k the ohserva- 
tioiLs of scientific travellers in South America suhsequent tf» 
Humboldt, whose evidence is in favour of our the<»ry, that 
this continent was upheaved at a later epocli tliau the con- 
tinental massfis of the north heini.sphere. The most r(?cent 
oliserv'er, and the one hirst qualified to give an opinion on 
this point, is Professor Agassiz, who lately made a .scii*ntific 
journey in Brazil, and ymhlished to the w-orld the startling 
announcement that ha saw indications of oxiensivo glacial 
* ' Heroes of Discovery/ by Samuel Mossurtfn. 
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lu tiun on tho H\irface-gt'ology of tho rountrj- v<*iy little c-le- 
vuUmI iihitw tho lt;vt*l <if the Hca in tropical latitudeA. 

•I I'l. AfjdJfitiz on the renifirhihle Geological 

IVif Hoitieuo of UroziL — “The cxiHlciici* of a glacial [H-ri^Kl/* 
he remarks, “ however imich tlerule^ when first announced, 
is m^w a recognisf^d fact. The divergenee (T opinion n?fi|>ect- 
ing is limit« «l to a rpiesti(»n of ext<-nt ; and after my n-^ent 
jourm v in tlie Aina/ons, 1 am k*d to add a w w chapter to 
the stninge history of glacial phenonn'iia^ taken fn»rn the 
Southern heini.'^phen*. ... In linizil the moraines are as 
di^tim-t and as well ]»ri**ierved in some of the coast-ranges on 
the Atlantic ^ide, not iiion* than Iwrlve or tifteeii hundn-d 
feel high, as in any ghieiatt*«l hsalilies known to gtologisis 
in mole northern parts of the world. The snow-line, even 
in tho>e latitudes, tln*u desceinled so low that the lUitsses of 
ice fiiuiid ahove its level actually forced their way down to 
tile sea coast. . . . The valley of the Amazon^ was lirpt 
.sketched out hy tin* elevation of two tniets of land- namely, 
tin* plateau of (Juiana on the north, and the renlral jJateau 
«»f Ilnizil on the s«»uth. It is pruhahh* that, at the time these 
two tahle-laiids Were lifted alnive the sea level, tile AinleS did 
not exi<t, and the oci*an lltiwed hetweeii them through an 
npen strait. At a later peri«»d tlie uplieaval of the Andtxs 
took placf. cIo>ing the we-tern side of the strait, and thus 
transforming it into a gulf, open o^j" towards the east. 
Little or nothing is known of tin* earlier stratified deposits 
resting upon the c rystalline masses first uplifted along the 
holder.^ of the Amaze mian valley. Then* is hen* no st*t|uonoo, 
as in North Amerien, of Azt»ic, Silurian, Devonian, and Car- 
luiniferous formations, sliored up against each other hy the 
gradual upheaval of tin* eontineut, although, umjuostiouahly, 
ohh*r paIie(»zoic ainl .secondary Ins Is underlie, horv and t here, 
tin* later formations, . . . Whether the Tertiary de|^>8its are 
hidden under tin* modern ones, or whether they are wholly 
wanting, they have never been ohseri’ed in any part of the 
Anuizoiiian i^in. Whatever Tertiary deposits are repne- 
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sentcd in geological maps of this n'gion are so markoti in 
consequence of an incorrect ulciitilication of l.)elong- 

ing in fact to a much more recent period. . , . Ui)on the 
lower set of beds rests everywhere an extensive deposit of 
finely-laminated clays, varying in thickness, hut friMpiently 
divided into layers as thin as a sheet of pap<*r. Tliese clay- 
deposits assume occasionally a peculiar appearance, and one 
\Yhich might inisleail tlu‘ observer as to their true natim\ 
AVhen their surface has heen li»ng exp‘»sed tt» the ai'tion of the 
atmosphen\ and to the heat of the. burning sun, they loc)k 
so much like clay -slates of the oldest geological epochs, that 
at first sight I tot>k them for primary slates, my attention 
Ixdng attracted to them by tlieir regular cleavage, distinct as 
that of the most ancient clay-slates. And at Tomentijis on 
the Ixinks of the Solimoes, in a locality where their exposed 
surfaces had this prinmrtlial appearance, I found in those 
very beds a considerable amount of wdl prcsi rved leaves, 
tin* cliaracter of 'which ju’oves tln*ir recent origin. Hn^se 
leaves «lo not even indicate as ancient a peritnl as the T»*r- 
tiaries, but closely resemble the vegcitati<»n of toabiy. The 
presence of such an extensive clay-formation, stretching over 
a surface of more tlian 3000 mil**s in length, ami about 
700 in bre^adth, is not oiisily explained under onJinary cir- 
cumstances. . . . Occasionally the ferruginous inalerials 

prevail to such an e^ent that soim* of the se? ImmIs might be* 
mistaken for >)Og-iron <^>re ; while? othctrs ce)ntain a large* 
amount of clay, more regularly stratifieMl, ainl alte‘rnating 
with strata of .sarid.stoiic, thus recalling the? niexst chanicle*r- 
istic forms of iha Old Reel or Triassic format ions. This 
resemblance has, no dou)>t, leel te> the? ielentification of the* 
Amazrmian deposits witli the more? nncie?nt fonnatie>ns ot 
Euroi>c. ... A glana? at any ge-edogical map of the* worh^ 
will sbdw the nxuler that the vanf?y e»f the? Amazons, so fa 
as an attempt is moele to explain its structure, is repres<*ntee 
as containing LsolabMl tnicts of Devonian, Triassic, Jiiraasie* 
Cretaceous, Tertiary, and Alluvial elispe^sits. ''^'his is wholl; 
inaccurate, as is shown in the* abejve? sketcli ; and, whatijve? 
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iniiy he tliouglit of my inteqiretation, it in my l>elief that 
all thoAe (loposiU belong to the iee-{>erio<l in ita earlier or 
lut<*r plnmeH. I’o this cosmic winter, which, judging from 
all tlio phenomena connected with it, may have laste^l for 
thousands of centuries, we must look for the key to the 
g(Milogicid history of the Amazimian valley. ... It may be 
truly sfiid that there does nc»t exist on the surface of the 
earth a hirmation known to geologists res<;mbling that of the 
Am?iZ4»ns. Its extent is Htui»en<lou8 — it stwitches from the 
Atlantie shore, through the whole width of Ilrazil into Peru, 
to the very foot of the Andes. IlumlKildt s|M*ak8 of it ‘in 
the viist jdains of tlie Ama/ons in the eastern l^oumlarj* 
of Juen <le IlracamuKis,* and says, ‘ This prodigif ms extension 
of red sandstone in the l«»w groumls stretching along the 
east <»f tin* Amies is (uie of the most striking phenomena 
I (»bserv4*d during my examination «»f rocks in equimvetial 
n*gions.* . . . The n>c*ks hen* ditfer so much in extenial 
ehanicter from those <#f the noilh hemisphere, that the 
European getdogist stands at first lanviMered Kifore them, 
and f<*els tliat the work of his life must l>c done over iigain. 
It is some time befon* lie attmns a clew to the facts, and brings 
them iiit<» harmony with his previous km>wledge.”* 

144. Uvoltnjij v^s*iHttnlbj a Study of Extinct Vitality ami 
Physical Activity . — These profound cd>servatiun8 upon the 
recent character of deposition presented by the stratihcil 
formations of South Americ;\ certainly startle us from our 
dn*ams of Eunq^ean geological epiH'hs, as iiidicateil by the 
daU of rocks and fossils. Hut geohjgy is not merely a study 
of the superposition of strata u]Hm amorphous rocks, or vice 
vcrsflf or the classification of organic reniaiiui imlnnlded in 
]>ala*ozoic fornmiions. These are but stepping-stones across 
the. sireum of time — fix>m the pn^sent to the |mst history 
t>f the earth — enabling us to explore the extinct legions of 
vitality, so that the geological philosopher may restore to 
our imaginations pictures of its fortner physical geography 
mid natunfl^ [ihcnomctui. It has Inn^n well observed that 

* * A Journey yi Bra/.il/ by Proressor and Mn AgaatUu 
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“Geology deals with the internal as well as with the exter- 
nal, with the past iVi well as with the pn*st‘nt ; lifts the 
veil from the extinct, and marshals in ehrimologieal (»n!i‘r 
the long line of eventvs, physi«*al and vital, whi<*h <*onsti- 
tutes tin* history of our jdanet frt>m the curivnt hour ha**k 
to the ivnn»test ages. All physical change, all vital relation- 
ship, all continuity of law and onler, conn* within the range 
of its oognisancr, rotjuiring the minutest ohsorvati(.n and the 
most exact ami senut ntial r»*as<»ning. . . . And thus, when^ 
others would ‘Inuncward jdotl tlnur weary way,* the field- 
geoh>gi>t Inis his thoughts carried away fnan the pn^stuit 
into the far-distant l>ast, gleaning a new f.n l in Wi»rld-historv 
at every turn, and calling up vanislu'd aspi‘rts uf sea ami 
land hy the magic wand i»f s< icntitic iltMlnction. The scem*ry 
of nature, wliich, to most t»hsiTvers, is a imu'e jKis^ive I'ir- 
cumstauce, ami nothing more, is to liini a thing instinct 
with a thousjiml a<‘livities and producing eau.'^es ; ami what 
in them is a mere transient gl^am of admiration, luM'onn's in 
him an enduring glow of the clearest nmlei*stam!ing. Oh, 
the tlelight <»f th<3 liehl-gt*f)li»gist as, seated on stuini craggy 
peak, lie looks <lown on tlie hills ami ghuis tliat siirnunid 
liirii ! It is mit alone tluj presem’e of their beauty or wild- 
ness or grandeur that strikes him, a.s it must strike other ob- 
servers, but the conscious knowledg** of tie*, agencies by whieh 
their aspects >vere prodin-f'd, and the looking backwards in 
time through the long ages of change to which tliey liavc^ Ihmui 
subjected. That liillside, smooUietl and n>unded by the icc- 
sheet ; that glen, with its lateral ami terminal moraines, 
gouged out by the glacier; and that winding valley, eroded 
by aipmous and meteoric action, are each gmven with 
a history which speaks to the eye of science, and makes 
these mountain solitudes rife with the presence (tf natiinj's 
powers and activitie.s. To others it may bo given to ad- 
mire ; to the geologist it is given to comprehend, and in that 
comprehension to enjoy the purest pleasure whicrh a survey 
of the phenomena of nature can convey. . . .*it is thus in 
the field that the student of geology obtains his fullest and 
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newest infornuition, collecU acMitioiial Htores, and corrects 
f»»rin«*r iiiiHconci^ptiniiH/* * 

rir». (rt ffluf/iral Ihlf mma of Theory and (jh^ervaiion, — If 
si> min h c an Iwi said with sctientilic propriety of the lirnitecl 
ih'ld uf ^coh^giral ohservation uiiioiig the ^leiis uiiti mountains 
of Snitlaiul, how ; 4 n*at, how Viist are the explorecl and un- 
fxplt*rc*d regions of the South American continent^ where 
Ihdle^sor A^a.s.siz finds iic*w skires of information to com^t 
j»revious misr4ine*‘ptions of the? true character pit-sStmted by 
the deposits l>razil ! If we are to accept tlie ap]>areiit]y 
triLsiworthy eviihuice of an eminent iiatumlist — of extinct 
tdacial acti«jn at the sea-h vel in e«|uab*rial latitudes — how’ can 
the c onclusions it leads to bt? reconciltnl with the generally 
acccptcid thetH’ies of I.vell and c»ihers of the most advanced 
scho4»l of geology, who base* llndr views upcui the supposition 
that the prescMit limits of the* tropical zones existed throughout 
all (*prK‘h> I 'i*hev liold tliat friuii the tMpical to the arctic 
climate s which prevaihsl at flitfereiit periods in the prc^-seiit 
tc^mjicrate latitude's of the north hemispheres the sun never 
rose ab(»vo tlie horizon liigher, c;r descended lower, at the 
si»I>ticcs than it «loes now ; and tht*y advaiu*e the hypothesis 
that all the nanarkable plieiiomena gc'olugy furnishes recorls 
of during tliese eras may be' acc:ountecl for by diflVrtuit dis|H>- 
silioiis of the laiul alKjve the level of tlie sea fitmi wdiat now 
obtains. As far its this tlieory applic\s to the middle latitude's 
of the two hc'inisphc'ros, and in some meiisuit» tc) tlie higher 
latitude's of the imrth Innnispherc, then' an' evideiu'ea in the 
gc'ological ree^onl te) support its possibility, although we take 
excM'ptieui to its grounds of probability as Lnsutheient. Hut 
if the evidc'iicc of glaeual action in the valley of tlie Amazons 
— on the eepnilorial line itself — W supported by further data 
after invest igation, it is clear that, at the pnv9eut oblupiity of 
ilici earth’s axis, lu^ conceivable* altenition in the a^is of laud 
and sc'a coidd have etrected a change of climate from the recent 
past to tlie present, oepiivuleiit to a iptnoval of the andic circle 

• Valeeh^fo^ Adeliesa of Dr Tage, retiring rreeielent, Edinbaiglt Geo- 
logical Society, ISCd, 
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to the torriil xone. In this giM>U^C4il dilommA wo atop in 
vrith oiir astronomical data of a proKildo wido oxUMiaioii of 
that belt, based on actual diminution of the tn>pical xiuies, 
as a logiciil solution of the pnddeni. Assuming tliat these 
extended five ilegrees Wyond their present limits, wo have 
shown that tlie climate probably appixuichod that of Mars, 
where, upon the highest astronomical autliority, glacial action 
in all probability prevails over that planet a 8urfa**t» mure or 
less, fn.>m its poles to the Ixmlers of, if not within, its tn>pics. 
Here we conceive there is a clear solution of tlie pr»)blem, 
which might W mathematically demonstrated by the gtM»nic- 
trieians, if they accepteil witht*ut prejmlice our theory for the 
basis of their fonnuliu That this may yet <*(»me about we c<»n- 
fidently pre<lict,a.s the exceptional phenomena of what we may 
appropriately term the “New WorUr* of South Ameri(*a an? 
unfolded to our view by future s<‘it‘ntific missions — of which 
we hope that tliis of Professor Agassiz is the )>recur8or — not 
only from the Unitcsl States, but fnnii European scientific 
bfslies, ill \vhich those of Grcsat Ihibiin shoubl take that active 
part which Ixilongs to her associations fur the advancement of 
science. 

446. hjijMjrtance of Geolofjical Deflurtlom^to the liofft/ 
and Government of a X at Ion, — It may Ik? eoiisiilereil b}’ tl»<>se 
who are inclined to overlook the advanbigos of science to the 
body j)olitic, it Is a matter of small iinportancf? to tlic» 
nation at large vrhether the continent of JS<juth America wjis 
or was not upheaved by deep-seated volwinic forces siihsequeiit 
to tlie appearance of the northern continental ina8.s4?s aliovt? 
the sea. In contemplating this subject it must be remembered 
that, apart from the geological and met<orological questions 
involved, it refers significantly, in these days of violent ejirth- 
quakes, to the permanent stability or otherwise of those regions 
where man>>has built up so many wonderful monuments of his 
civilisation in the groat cities of Europe, Asia, and North 
America. In this respect the question not only affects the 
material progress of nations, but also the soclR^ politicMiI, 
and religious institutions of all civilised communities. For 
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example, is it not something for the inhabitants of northern 
countries to obtain most incontestable evidence that the 
gn*at volcanic vents of this hemisphere are comparatively 
closed by the accumulation of refrigerated rocky matter at 
their oriiices, which has so tliickened tlie crust of the earth 
in these latitudes that tliey are permanently free from such 
vioh*nt earthquakes as r(3cently devasbited South America! 
Is it not soinething for science *10 assure tlie puldic mind of 
Kurope of the coiiquimtively permanent stability of the land, 
ho llial thc5 aggregat** population of s^uiie two huiidrefl and fifty 
inillinns may live without fln*ud of such awful catastrophes 
ILS thus*; which bcdcl the states of Kcua4l<>r, Peru^ Ikilivia, 
and (/hili ? Is it noi something for the consideration of the 
inliabitants of the cities and s* ap*»rts of Eunqs^an states to l»e 
assurecl tliat thes** gn at liives of imlustr}* and commert'e enjoy 
(’(uuparaiive immunity from the dreiulful oscillations of the 
land, aiul the ovcrwlielming waves of the sea that swept away 
the one** fh>urishiiig towns of Arica, Taciia, Arequipa, and 
Iquifpie ? Is it not something for the tliree millions of p**oj>Ie 
iniiabiting the great iuetr<»p<»litan district of Loud(*n to kn*»w, 
thn^ugh the investigations of science, that their flimsy dwell- 
ings, ratliating fnuu St Paul’s to a circumference of thirty 
iiiil«*s, are 4Ui a foundation exempt from such terrific shocks 
us thost; tliat laid the cities of the Amies in ruins — of whieh, 

^ wcr<* but one of relative force to |*hake the valley of the 
Thaim*s, the whole Avilderness of bricks, ami prt>bably their 
gigantic e<lifice in the midst, would topple over like a child’s 
liouse of burying humlreds of thousands under the 

ruins! Is it not, then, something for the inhabitants of the 
most populous an<l wealthy city in the world to he assured 
of the }K*riiiaiicnt stability of their homes ; anil is it not 
8omi;thing fiir the Government of this great realm to feel 
confident, through faith in science, that the inateTial pros- 
perity and rt^sources of the United Ringilom Avill remain 
unimpaired by physical catastiophcs for the due maintenance 
of its social political condition! It has been well observed 
by Darwin, who speaks with authority, that Earthquakes 
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alone are sultioieut to de.stn\v the jm»>poriiy of any country. 
If beneath Kn^laiul th«' now inert subiernineun fori'ca >ihtailil 
exert their powers, which m»xst tissurcilly in former k'e4>lii»;ieal 
they exerted, h‘»w completely Wi»uKl the <*niire comli 
lion of the eounlrv be chain'd ! AVli.it would l«H*ome of the 
lofty houses, thickly - |»;ieket I cith s, gi>‘al iiuimifactorie.s, the 
l)eautiful publie and j'rivate etlihci*> ? If the new peritwi «»f 
disturbance were iii^t to com^neiue by some i^reiit larllnjiiak** 
in the dead oCtiii^ht, how territic W(*uhl be the eaniap* ! 
Eir^laud woiibl at once be baukru\»t ; all papers, reet»rds, and 
accounts WMuld fnun that moment Ik* lost, (lovernmcnl 
Inung unable to collect tax<*s. and failing to maintain its 
authority, the hand <»f violence and rapine wouM remain 
uncontrolled. In every lar;»c town famiin* \yt»uM oo fi»rth, 
p».‘Stil»'nce and «b-atli following' in its train.*’ 

147. 7*' cr/AA- nf Hn- Kurf/itfual:** uf TiU'na in /^7•M 

dv.^**nh*'il iitj ifit Ktj* *rUnvSi^y /*# //o' Londnu JJi.sir{(d, 

— Let the Londoner realise, if he can, the. terrible, elfeets that 
would follow such an eartliquakt* as that which tlestroyed tin* 
town of Ta‘*na — and let him supp^Mc himself .safe wliilo wit- 
nessing its destruf:ti«»n of the ilovotfsl metropolis from tin* 
|>osition of Hampsteail Heath- -from the following grajdie*. 
account furiii.slied by an eyewiiiies.s — an Kngli.^hman — resi- 
dent at that town in JA ru “()n tlie fatal 13th Augu.st, at 
4 P.M., I went to take in^’ msual ]»randial >valk ; ami following 
the water-course up through tin; Uovn, I soon found myself 
out upon the broad grrivelly plain that lie.s betwe(Ui 1 aena 
and the mountains. I had goiuj nearly three nHle,s out wduui 
I noticed some little heaps of Inmlders pile^l uj) on the jdain, 
and thought I w'ould take a look at them before returning to 
dinner. As I Avalkcd towards them I felt suddenly faint and 
giddy; the gnjund appeariMl to be moving under my fiiet, 
much lik^ a Imdly-laid carpet that tlie wind gets umier. In 
a moment more I found myself reeling ami staggering in 
a strange and most alarming mariner, and thinking I wa.s 
about to swoon, I urent quickly down u])on in hands and 
* ' Voyage Kound the Worhi* 
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knvvH t4> Kiiv<j tnym'lf fn»in injury in falling. At that moinent 
I n(»ti<HMl ghakon down from the little heapg of Ixiul- 

di*rs I had .skirted to exainim*, and then I V»ecanie aware of a 
dull iHHuning m>un<l that soenuMl to U* issuing from the entire 
.surfiu e of* the gn^at <lesert Ik tw<*en the Amle.s and the sea, 
and, of fom*s<\ I knew iniuieiliatidy it wa>4 an eartlujuake. I 
ol»si*rvi d the time hy my \v;4t4 h the instant I n>.se to ray feet, 
' it Wits exactly two ininut4\H t<1 five. The ground, wdiicli at 
first h:ii| hut one up - and • <Iuwn movement, now lK*gan to 
sliaki* rapiilly and vitihuitly fnun side to side, and I fouinl it 
so Very dilli' ult to keep tm my feet that I j>n‘fem‘d to go 
down upon my knees, thinking that I could ohser\'e hetter 
in lljat j’osition. wlien my att4*ntion was not S4» much 4 k-cu- 
pieil hyatteiuj^ing pi'eserve my halame. I now' tli.'itinctly 
saw the lir«»ad plain rising ami falling in rapid puls.itions, for 
I was lonkiiig ti»wards a horizon of h»w' hills (away K^yond 
the town), with which I could t oin pare tlie im»vcinents of the 
ground. I thought I <n*uM nvogniss* distinct undulations 
<’oming from tin? direeii«»n tif the t'onlillera, ami ndling 
dt»wn towanl.H tlie Pacific Ocean. The suhtemnean tliun- 
derings which, altlnuigh md very loud, soumled mnv so grand 
and tcurihle, als<i setuned to folhiw the same din^ction ; hut I 
cannot speak positively of either the one or the other, fi»r at 
times it aj»j»eared as if the awful simml was tliffused equally 
umler tlu» 4*ntire surfa< e of the country, while the movements 
wen‘ siuiietimes complicated ami varied in direidion. A 
large old ])alm tree that grt*w near the water-course, at a dis- 
kim’c of filty yanls behiml wdien^ I was kneeling, wan so 
violently shaktui that the loud rustling of iU laige heavy 
leaves causi'd me to turn my heail in that dinsdion, and I 
now <»h.m?rved something very strange and unnatunvl aKmt 
tlie iwpect of tho mountains, that hitherto I had not iioticiHl, 
hecauso my face hail lK?«*n turned towards the to\^n. This 
was an appoaraneo of denser tdouds of yellow dust bursting 
from the sioep mountain-sitles, spreading and rolling along 
the entire #i^om front of tho first rangt^ of Conlillera, just 
as if tho groat Andes ^themselves were being rent and shaken 
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to pieces by some terriblo ci»nvulsion. It wjis n truly wnn^ 
ilerful but rather terrifying scene. At that nioinent Iht* 
already frightfully-ljeiivinggnanul U'gau a new kind of move- 
ment mont alarming than any I hiul yet felt — juimely. a 
scries of sliarp \ipwar\l jerks, a.s though the. crust of the earth 
was receiving a succession of sudden and treiiiondous blows 
from K'neath, causing UH»>e stones to jar audibly against each 
other, and masses of gravel to fall fn^m the Uiiikc of the dry 
water-courses. Then I siiw st>mo houses nUmt a ipiarier of a 
mile off on the plain appan^itly erumbling away, ami <‘londs 
of dust arising from their ruins. A similar but much larger 
dust-cloml now apivi^an‘d Inuling up fnan the city itself; and 
then the distant wailings of thousiunls of terriiied people, the 
moaning ami howling of dogs, and many othej soumls of dis- 
tress, Were mingled with the awful and inyst<Tiou.s rumblings 
of the eaillKpiake, that seemed t*» 1 h‘ increasing in violenee 
every moment, b p to this time the only emotions I liud e.v- 
periencisl wen* a deep and im)st intense* interest in the stninge 
scenes enacting arouml me, and a wrUim feeling i»f cpiiet 
exultation in the thought that I should have ]>een fortunate 
enough to witnes.s such cxtra()rd inary jdie.m>mcna. Hut the 
evident <le,striiction that was going on in the city, ami, ahovi? 
all, the terrible aspect »;f the inounUins, now convimred me 
that it was a very serious eartln|uake, ami I evcm thought it 
pos.sible that we were about to experientre Kcuiie awful c«ita.s 
troplie — .some convulsion of nature on a prodigious scale. I 
had 110 f(3ars whatever for my own jiersonal safety, for I felt 
pretty confnlent that nothing could injure) me out on tlie 
plain, unieas the ground should gape ojieii just wh<!rc I hap- 
pened to be, which I thought exceedingly improbable. Ami 
yet I, who at first actually gloried and exulted in the earth- 
quake, was now most keenly anxious for it to pass away, and 
leave us the poor earth in peace ; for it had now liecmne 
altogether too serious not to Ijo exceedingly alarming, ami 
every succeeding shock, /)r rather blow, mode me fairly wince. 
8o I got down on all-fours again, ami held on,“a: it wem, to 
the troubled ground, until, after one tremendous lieavo that 
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I f«U 8im» iiiUAt have! overthrown every remaining house in 
th(* city, oi'compaiiieil liy a dull roar that 1 could bear rolling 
ilown towards the wa, the frantic moveiuentH ceam^l alto- 
gfthi*r, and 1 ffdt truly thankful tliat it was all over. . . . 
I now returned with all haste towanls Tacita, full of anxiety 
as to the fate of the town. As I hurried along 1 felt, at the 
intervals of every few minutes, repeated U‘mplures of more 
or les.s severity; ami at each successive shock renewed cries 
of terror oainc fn>m the dirts^tion of the tow'n. As I 
ilown the ]^rinci])al street I found it throngcil with frightened 
|>ei)ph*, htamiing, or more generally kneading, b«*side the 
gutter in the middle of the roailway — women and children 
crying most piteiiusly, men embracing each other, and sick 
peojde })eiiig Carried out in ponchos. Every here and there 
the ruins of hous4*s eiunmibeml tlie way, while their laU* 
occupants appearetl, some completely overwheline<l with 
grief, sobbing ami crying bitterly ; others lK^w*ailing with 
frantic cries ami gestures the loss of their pn^perty ; and 
otln'rs, more (piitd ami sensible, sitting diaconstdately on the 
ilusty heaps of rubbish that had so lately Ihhui their hoim^, 
the very picture of misery and desjxiir. liiigcr men, with 
j)iile faces ami will looks, were sciirching anxiously for dif- 
ferent members of their families, who at the lirst alann had 
rusheti out of the houses in all diriH^tioiis, and w'ere scattereil 
about the town. AVailing women W’ere wringing their hands 
in their misery, and crying, as only* women can cry, for their 
missing cliildreii ; ami terrified people of jdl sorts and condi- 
tions, ilriven crazy witli fear, were comporting themselves in 
various stninge ways, — some insanely screaming with pure 
tiTror, others laughing hy'sterie4illy, others fainting and ly- 
ing juilo and apparently den<l in the streets, but by far the 
gn'ater number rapidly repeating pmycr after pmyer, vainly 
iiiqdvwing their saints to protect them. And whiuiever the 
boom of a frosh shock was heaixl approaching, the whole 
populace w'ould go down on their* kmvs with one acconl, 
and, w’itl^^^ts off and heads liowed down, would pray louder 
than ever, in their native tongue, * Mercy, O Lord ! mercy. 
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Mary, pure ami lioly ! iiuwy, (> Lonl!’ The teriDm of 
that ilreadfiil day, which appeaml to tlio allVi^^hUMl iidiahi- 
tants as if the ^^rcat day i»f jml^'m«*nt had arrival, and lli(» 
earth was being ‘gallieO'tl up as a scroll/ wer<* md at an 4*nd, 
fur as night set in the luriil glare of vohanic eruptions gave 
to the surrouiidiiig darkne>s a realisatiiui of the visions in 
lievelatioius. In Mane cities what buildings the earllujuakes 
and inilux of the ?>ea luul spaced were d^ stroyeil by coniiagra- 
ti« ‘US. Then famine stalked through the land ; jicNiilcnce 
ileciinated the surviving inhabitants ; ami, as if it were 
m-cessarv for tho evil disposed among mrii in add tin* climax 
to the ruin ami di>lre>s that prevaileil, prowling bancls i»f 
r«'bbt*rs ransatkrd the towns an»l villagi^, plund«*ring the 
surviv(»rs of their remaining property/* 

4tS. 77/c A/ t j i 1 lifts jtftssf’fJ 

aiCfifj In view of pvohabh* calamities s\ich as 

betel the doomed < ities on the we>t coa>i of South Aim*rica, 
is it not soineiliing for the inhabitaiil.'. of Kurope to know, 
uj>on the liighe^t .scientific authority, that, a.< tar a-' human 
investigation can jjcneiraie into the j>r<»found central regituis 
of the eaith, then* i-' abundant evitleiice to conclude that the 
epoch of frcrpient, vi»>lent, and wicle.Npnail volcanic activity 
in those latitmles Ijas j>a>MMl away? in contirmatiou f»f this 
doctrine we advance our theory of umMjual pondero.sity in 
tlie north and >f»mh hemispheres; wherein tin* former is 
not only lieavier by leaMiii of its greater el**vation of .sidiil 
matter above tJm depths of the sea, but below, tin* inner 
< rust of the earth is in all prob«il»iIity thi< k(*r, or tin* internal 
volcanic vents of primary epochs iiirnlc conflin*nt, or flowing 
into domes of edevation, that riisist nion* effeetiially tlie deep- 
seated sources of that jKAver, wliicJi fimls the weaker points 
of outlet ill this m ehhdiy in equatorial and Hoiithern lalb 
tud^ 38 . It^may bo said tliat the great <;arthquake of Lislsui 
is an cxarn]>le in rmxJem tiim^n that contmcliets this view ; 
ako the numerous eruptions of Vesuvius during tin? past 
year. But wc contend that lliese rather HUj»i>ur^our views 
of the distribution of siibternin<*an forces than otlierwisc. 
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Tdinpan d witli the eonvulnioR^ of tlie larnl in South Ame- 
rica, tln*.s4* were liinitoti, m»t only in ilegrees of force, but in 
«*xteiit of area and freijueney of action, tluring the three cen- 
turit*.^ that this region luis lieen known to Euro|H.*an.s. With- 
out hack to jH*riods before the* (*arthquake.s of 1808, we 

may point <iut tli(‘ comparative extent <»f country tliat w»mld 
have b**(?n alVecti'd in J‘air«»pe had these oceurri*<] in the north 
lH*!iiispln‘re. 'Ihe lim* of acti4>n ext<?nded from Casina in 
Teru, Hal) mil< s m*rth of Arica, to Talc;dniai\f) in Thile, 1300 
mih'.s south <»f that ceniml point of activity. As both of 
tlirso towns at the rxtr<*mes were ;jT‘'atly ilama^^ed by the 
earllHpiake, there is no doubt that the lin(‘ exb'iided bey«»nd 
tlie>e points. dyin^ the Jiscertaine*! len;^'th to KurojK*, 

we lind that it would im ludi* tin* eoast of the ( 'ojitinent from 
tin* North (\*ipc? to ( ape Finisterre ; ami its lateral action of 
about 200 miles woubl im lude the fa>l and we>t .^boivs 
the Kngli>b (.'bannel, with the cities of Lomhui and Paris 
near the central |»(»int i*f atuivity. 

•140. tSrit'fft ifit' shnuhl he hy fhe 

— If, therefore, there are any linp*riu^.( doubts in llie public 
mind as to the possihiliiy of earlln^u.ikes of etpial vi( deuce to 
the Peruvian tnnjtifins visiting our crowded cities, we trust 
that what has h(*eu ailvance*! in this essay h;is aided in the 
assurance of the i)ermanent stability of their foundations. 
Still the vtdee of a sin^jle indivhlual is of small effect unless 
it min^h*s with those of others stfeni;thencd by iiutlK*rity. 
We lui^ht say lliat it lies within the scope of legitimate 
action for the (lovernmeiit to aid a sinomilic coinmissum in 
this n'speet, where the public peace of mind is concenuat to 
investigate and ivpt»rt tui the subject, m much as it wimld W 
i(» appoint a conimissioii of impury into any onlinary social 
or p«ditical (picsthm. We hope to see the diiy when there 
may Ihj a ilejwirtment of practical .s<*ience iu the Sta4e, as well 
{IS departments of trade and education. Meanwhile it would 
Ik* advantag(H>us to the nation iu i^nuiy ways, even on Uie 
Hcort* of H^t>«tory improvements niul the public hoaltli^ to 
invc*siiguto the ({uestions we have broached in this essay, by 
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means of a seientiiie commission sent to our colonii^s in South 
Africa, Australia, and Zealand, and tho anomalous 

regions of South America. HitluTto these investigations 
have been carried on chiefly by imlividual exertion, with 
occasional slender assistance fnjun seientiiie associations. lJut 
now it would appear as if the time had come when it is w- 
cessiiry to supplement personal energ}" and servieo by gnints 
from the jaildic revenue. Fxcepting the priiir** of seientiiie 
travellers, UumlK»ldt, few sarans have Iweii wealthy enough 
to carry out their investigalinns i»n a scale commenKumte 
with the important objects i»f science. Where means have 
lett U?eu at the tlispoMil of the naturalist to eondm*! his 
o|MTati«ms, h»‘ luis been indebted to the generosity and muni- 
Hmici* of others. Still the asslstaiu’e looks like cliarity. A- 
notable insiaiu e of tins is seen in the mission of Profi'ssor 
Agis>iz Ui Ilmzil, when?, but for Yi»lunlary ;issistnnce, his 
lalsmrs wt*uM have been almost fruitless. We trust, there- 
fore, that sh‘»tiltl a eommission of tlial natuiv jiroeeed ln>m 
thi> eountry, it will Imj uinjdy furnished with means by a free 
vote of Parliament. 

450. 7>*V/e/v uf Kjh'f'f/t lijHtfi 7V#nv7/ers nj (hr Itftrrjird Air in 
Ah*1*j< *ihil Hut A^i *^, — As We progrt'ss in our knowledg*? of 
the physical geognipliy and natural phem»niena of tlie south 
hernij^jdiere, funloT disjiarities may Is? ns ognis<‘d, at present 
unknown, eoniparr-d with those of the north hemisphen*. 
I{e*;ently some Fn iieli on cumpiiring tho experiisnees 

of travellers iiscending high niountaiiis, have oKserved a sin- 
gular tlisjwirity in the atmospheric effects on the human con- 
stitution. It w well known that, on (tHcendirig Mont Plane or 
any other high mouritHin situated in the mrih iMuni.sphen?, 
the traveller ex{>ariences a ronsidemblc congestion of bli»od 
in the head, which manifests itscdf by the swelling of the 
face and M[is, s^mmolency, and the emission c>f blood from the 
mouth, no»<i, and jion^s. In the mtuth honiisphert? an o[)- 
posite effect w olwerved — iii.stead of an apoplectic tentleiiry, 
a general w'eakiieH.s, approaching \^y 0ynco]>t?,«]^^vadfjis the 
body, causing paleness, dizziness, fainting, and voiniting. Nor 
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aro tlu' iiiennH of aflbnliiig tlio mime, c?xci-fit tliat in 1 h>1Ii 
r:iH4».s a liori/oiital position is coiisiilereil a^ivaiito^eous. l#tit 
no oiu» ill the northern heiiiisjihcTe would think of adniinis- 
teriiiK t<> the patient the irrititin;^ poultiees and exciting 
dniu^^hU iiivariahly used in South Aniericii ; and the Alpine 
tourist so4in tinds out hy exi>erience that the brandy he h:is 
taken with him nitln^r iiuTextses than diminishes his indis{Me 
sition. This extraordinary ditR-reiiee in the syinptoiiis ex[s*' 
rierieeil in the two hemispheres eannc»t l>c attributed to the 
men* rarehu’tifui id* the air in tin* upper stnita of llie aimo- 
sphiTe, ainl must theref\»re be uwiiij^ to some otlier cause, ll 
lias 1km*u attrihuteil to tin* dijren*in‘e in electric iiillm*nces. 
We an^ <d* opinhm, how<*ver, that uur tht*ory «»f a disparity 
in the eonstitUi*nts of the simlh ami north ^‘rial h«*mispheres 
may aei?ouiit for tin* phenoiin*non, and tin* jx culiar symptoms 
atfi*etine tin* traveller thnnigli tin* iiumnlains of tin* Andes 
may arise from the atnn>sphere being highly charged with 
carlKUiii* aciil gas in that n*gion. 

451. on Me Curhfnic SirnHur** oj 

the ^iun , — lien* the sjK*culative philosopher, with his tr.iii- 
84*eiult‘iital g4*iienilisations, might trace some connection he- 
twi*4*n the carbimic element of the utnn^sphen* in iSiUith Ame- 
rica, the existence of c4irlKm in its pim*st f«»nn in thediamoinl 
iniin s of I*ra/.il, and its pmlKible source in the sun itself. He 
might ailvainic the hy|K>thesis, that carlnm is one of the 
iiidestruetible elements that maintain the radiation of heat 
lhrougln)Ut the solar system, of which the centnd luminary is 
the mighty tlepository, fnuu whence the comets planets and 
their 8atelliti*s have <lerive<l their eonstituent atoms of its 
essi*nce, arguing as folh>\vs : — If we infer that cosmical Inxlies 
in thidr nebulous form contained nitrogen aa their basis, it is^ 
not uitphilosophical t«> 8up{>aso, tliat when they assume^l the 
intlefinite form and emitic orbits of comets in tSieir close 
perihelion round the sun, they alisorlKHl a poKion of its in- 
ikuiiimihlo elementary siniotimi. Asid presuming this con- 
sists chtet\j^ itt ojirlx>n and hydrogen as the ciuiibustible mat 
t«*r, with oxygen as Buppi»rtiiig eonibusiion, we may conclude 
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that these elements were ileriveii from tlie sun, mf>re or less 
at each cometic revolution, iliminishiiij^ in the volume ahsorluMl 
as their orbits contnietiMl aiul their nuclei assununi planetary 
forms, We can suppose als*^ that, lus they n»ceiveil these, eh*- 
ments in aiUlition to those tlieir primary nature' in a high 
ealoritie condition, as they swej>t mund the incandescent cen- 
tr^^ of their svstenu thev combined cheinicallv with the azotic 

* V » 

gas or nitnigen. 'fhen as tliey rushed into ]»o!indIess space, 
wliere the sun exerted little or no cahuifie inHuence over 
them — there, in the freezing darkness of yt'ars, tin' gast^ms 
el**ments condense<l int*» liipiid and solid forms befoiv they 
revolvtul again within the solar heat. Thus in searching for 
data to examine the primitive structtire i>f the earth, it is not 
net!ess;iry that wt* .^liould confine our investigations to the ’ 
rocks ami seas. With a nic»rt‘ suhlime ami primary hook be- 
fore us, we should look alKjve and arouml in the (-inanuamhi- 
cut atmosphere, and through it, with pcnetnitiug eye and a.s- 
tronomieal in.strumeiits, gaze upon and study the siilensd 
heavens, wherein ajjpear cosmieal iMwIies illustrative of its 
history from the heginning. I,4*t us coiitemidate the sun, for 
example, in thi.s nianm*r, ami consider its vast body, eluetlv 
(»f earhonie structure. May we not eonsid<*r its sulistance a.s 
generating a photo.'^j there from which we derive all our light 
and heat luices.sary for exist cnee — as ol)f*ying ilje .same eternal 
laws that Regulate comltustioii on tliis earth wherein carlM)n is 
tlie basis? As we gaz(3 into the winter’s lire, where the blaz- 
ing coal oryulc-log bums ami brightens up our festive homes, 
we see, when its charred eridM*rs Is'gin to hIjow tlinnigh the 
flickering flames, hlaek sjiols amid tlm hriglitness in Htmnge 
contrsist. S(j may it lx? that the solar orh itself—wlmse mag 
nitiide jistronomers inform us is nearly fourteen hnmired thtui- 
Hfind times that of our earth, and on whose incandescent sur- 
farie blaclc apjiear, Hiiiftinf;, contracting^, and cxpandiiiK 
like the charred surface <if oiir blazing log — is n vast glolw* of 
solid carbon, with an atmosphere of hydrogen anrl oxygen in 
a constant state of coinhtistinn. Ami as the iyniu)rtal New- 
ton dctluced from the alcnihir. of his brain the fact wliieh 
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l)avy tthciaically ileniouHtmifil — that the diamond ia only 
pure eart)on-~]uay it not l>e, if there an? niountain^chiuna on 
the curlx)nir; spliere of the sun, that in their glittering pin- 
iiaelen piereiiig the fiery photoHjdiere we liehohl vaat diamonda 
— koh i noora — literally iiiounhiina of light, whone luatre daz- 
zleH the hniiian eye at a diaUinee of nin(?tydiYe millions of 
iiiileH ] With this conception of the fwilar radLince, how |RK>r, 
how infinitesimal the hrilliancf^ of all the gems that deck the 
jewelled crowns of earthly inoiiarchs, or the persons of eaiiirs 
richest sons and daughters ! 

452. *S//cf//7// Aiudtjitts ttf a Telest^opiic Cnmei in 

— That su(!li philo.st»phi<*al speculations n?pinling the 
ahniidancA? of carbon as an element of cnsmical liodiex is not 
all<»gether without actual data in iU sui»j»ort, we shall quote 
the obsiTvations of a siueiitific writer in the ‘Daily News’ 
regarding ll)e sjwctral analysis of a telescopic comet which 
ap|KMred in the licaveiis <luring 1808: “On the 18th of 
»Iuiie a coiihU Wius tliscovcretl by the (lerman astronomer, Dr 
Winnerke, alrea<ly known as the discoverer of a sliui1-|H*riod 
eomet wliieh apjieare^l in 1858, So closidy an* the heavens 
wat4'lied in the present day by the astronomers of KiiD»po 
and America, tliat it is no uncommon eintumslance to hear of 
new ti'Iescopic comets being discovered simultaneou>Iy by 
104 »re than tuie <»bserver. This %vas the ease in the present 
instance — M. lUspiet, of the Imperial Ol4servat<»ry at Mar- 
seilles, having detecte<l WiinwM*ke’s* ciunet independently on 
the .same niglii as the iicrmau observer. The stranger soon 
incre;t.s«Ml in brightness, and lH*camo at one time visible to 
the nuke<I eye. In fact, though not com|Kimble in brilliancy 
with the ciunets which attracted public notice in 1850, 
1861, and 1862, Winnecke’s comet has sur|>a8seil in bril- 
liancy all tlntse which luive made their appearance during 
the pa^t ft VI* years. In the telescope it appeareil is a nearly 
4‘ircular sp4>t of nelmloii.s light, in the centre of which there 
was a round nmdous from which ajtail might I>o traced to a 
dist4ince o^ il^irly one degree. Mr Huggins quickly availed 
himself of this favoumble opportunity for aKtoiuling the 



46d 


MKIGIN' OF TUK 8KA»t)N8. 


ivsean^hes by which he liivs ulmuly thniwii so much lif;ht (Oi 
the structure of tlu» celestial Inxlies. He ibuiid that in tlie 
spectrosc^jH? the light of the comet — like tliat of l>n»rsen*s — 
was resolved into tlirco bands ; but tlieso were much broa»h*r 
ill Winnec-kc’s than in Ilrorseirs comet— they won* also dif- 
ferently situated. They were not of uniform bn'iitlth aiitl 
brilliancy, but shaptnl somewhat like ti»ngm\s of light, the. 
pointeil extremities Ixdng the least brilliant. Tlie brightest 
kind w;vs in the niithlh*, ami appeareil to sjuing at its 
brightest end iWn a sharply -defined line of light. In this 
case, iis in the case of r»rorsen*s comet, only the faintest pari 
of the comet had a continuous spe«*tnnn ; so faint this, 
tlial Mr Huggins was unalde to speak positively t»f its 
existence/’ 

-to.’i. n* i* rin)iivittt,n fit/ f/n' Si**Ttntin tf* It^nr an 
pltf'rt' — So far the o1».scrvat ion of 

Winmcke’.s c»iui*‘t lia«l pn sented iintliiug which dilfered in 
kind from what liad already learned rcspi*eiiiig the 

coinetarv spectni, Ihit now the time lots cfum* for tlie dis- 
covery of one of the imist remarkable ami signifie-ant facts 
which lias ever been made known. AV<* liavc aln*aily men 
tioned tliat Mr Huggins in examini‘«l the. sjieetra of 

st^vend tern*stri;d elements, and that he ha»l notieed some 
among tliem which appeared to consist <»f bright bands. 
Amongst the, diagram.s lie had made at that tiim* In* m>w 
fi»uml one wliirli s^*eined to present a very rlosi* nwmblann; 

the s{)ectrum of AVinnec,ke\s comet. Thi.s diagram rej>re- 
.sciiteJ the .sfK?ctrum <if carljMui, as seen wlien the spark frf>m 
an imliiction coil is tiiken througli olefiant gas. In this ga«, 
as many our readers are doubth*8s awar<% there are six 
parts by wfdght of carlwui U) one of byflr«»gen. The 8j>f?elnnn 
of the liglit of a spark sent through tln^ gas presents, of 
course, a /‘ombinatioii of the spectni nf carbon ami liydro* 
gen. But it is easy to distinguish tlio one from tlie otlier, 
since the bright lines hidonging to the hjalnigeii sp(»eiruin 
are well known in spectn»scoi»isls. In the spcifetivjn of the 
comet, cas we have seen, there were no briglit lines, so Unit 
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it \vii.s in onlfT in (If^tcnniiin wIicUkt llic 
w)M»lly or mainly of volatiliHeU cartnin tliat Mr 
|inM*<MM|cHl Ut till* iliroct ruiii|mri9on of the a]K*ctnun of carlmn 
with that of the coini*t. Dr Milh*r, K.K.S.f tho eminent 
cheniiHt ami sport roscojnHt, whose name has aln^acly Isjen 
assooiaietl with that of Mr liii^^^ins in n*searrliej4 f»f this 
sort, was jm'seiit, un<l toi»k part in the obsf.*rvations which 
wen? mailc. “ A glass’ jjashoh Ur, cnnhiiniiiH olefiant oiis, was 
coiiiiortcil hv a lloxihh* iiilji* with a ^'htss Jliils*, inUi which 
till* platinum wires wen*. wihleriMl. This tnls* w;n< so fixed 
lliat till* spark between the wires Wiis suitably n*fle<:t(*d into 
the spcrtrosciipo altachinl to the telesrojM* ; so that tlie 
.spectrum of* rarboii appcarcil directly belnw the speetrum of 
the ctiinct/* 'file two physicists wen* perfectly s;itisfiod that 
tliere was no perceptible dilference }»etwt*4*n the two sjier- 
tra. *rhe bands were not ineridy coincident in p«»sitioiL but 
in thi ir p*ner;d eliamcier and in their relative briolitmss. 
thi a subsequent iweasion, Mr Ilu^^jzins rept^aleil the ex]M*ri 
meiil with an eipially sJitisfaeioiy n*sult. 

Ini, ON O ^ *nNrvNf mfoiN nf 

ittio oiif* »Sru NCr" — “We are compelled, then, to 

ai'i'cpt as an iiievitalde etiiiclu.si#»n fr«»m tliose observations the 
faet that Winiieeke’s comet coiisi.'^ts either wholly or mainly 
of volatilised carbon ! How it is that a sub>tanc«^ which is 
so (ixed in its natun* as carlH)n can In* volatilised in the int4‘r- 
plaiietary spaces it woid<l 1h* exceedinj^ly ditUemIt to explain. 
In the ease t»f a eoinet like the one of l?< |.*b which appr(»aehed 
the sun within a distance of alsiut bOjtHMt ir.iles, one eould 
compndiend the volatilisation id any kmnvn termstrial ele- 
ment. The heat to whieh that comet was snbjecti‘il was 
equivalent, Sir Jolm lIiTsehel tells us, Ui that which would 
be experieiieed if then* wen* 17,000 suns in the sky, each 
equal in ma^oiitude and brilliancy to our own 8un. Hut 
Winueeki**s comet did not approaeh the sun near so elo.*a*ly 
as lliis. When Mr lluj^j^ins was oliserving it, it wjus at leiist 
as far fnj^ ftie sun as our earth ; ami it seems diffieull to 
umlerstaml how at that distance from the sun its sulistanee 
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sliouhl be heated so iutt'usoly that such a sulwtumre lus rarl)on 
should be volatilised. The faet, however, nuiiains ; and 
are Wgiuninj; to learn that what is inU^lliyible to us must 
not be aect'ptoil as the ineasim* of that which actually exists 
in nature. The more wulely we extend our researches, the 
wider Injcomes the Ixauidary of the unknown ; and each ex- 
planation of known facts brings with it a luindred dilliculties 
which n;main inexplicalJe. At )>resent we tnust l>e content 
to accept the ijjiportant liiscovery which Mr Huggins luis 
effected, witleuit expec ting that we shall be able at oinH* to 
explain its meaning. IVrhaps Indon' long other discoveries 
may Ik' made which will dovetail into this ime. The astro- 
nomer, the chemist, and the geologist, ni> longer work alom*. 
A universcil science is springing into existence, which im^lmb s 
the results obtained by lalH>urers in many fields of researcli. 
rufortunately tlenv is Mill a want —a want which we an* m»t 
likely so4m t»> see suppliecl ; we want a llumboMi, with all a 
Humboldt’s powei^i? intensified fift v-fol<l, b» bring tin* sciences 
of man into due correlation and to evolve from ihem, 

and cari’fully to co-onliiiate. tin* priiici[)b*s of the ‘gri*at seieiicc* 
of tlie future.” 

loo. Rtjln'dnn.'t on iJi(* fiefdruhHitfj of arrfnn^tlit<liinfj thfit 
Ohjrrf, — Tints it may be siiiil tliat we are only on the thresli- 
old of our knowledge conei'niing the whole arcana of the, 
physical sciences in deterinining the uiiex]»lain(*d wonders 
of creation. In these interesting expffriments we see how 
chemistry steps in to solve an astromjinii-al prohlein never 
dreamt of by Newton or (Jalileo, in wlio.se tinn^ that science 
was little ])Ctter than a jumble of empiricism. In like man- 
ner We trust that what we liave advanr:ed on geological prin- 
cifdes Uj acecauit for the remarkable pliysical phenomena 
observable on th(», <?arth, as A'estigc’S of its past liist(»ry, will 
aid in cenAiiiting the youngest of onr sciences with tint ancient 
and venerable study of astronomy. TIutc are other sciences, 
no doubt, that will in tyne add their fjuoU f)f 'diseovery to 
the ‘‘ grand science that is likely to arirn; out t^eir gene- 
ral coiicentmtion ; hut in onler to rmidcr their application 
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AViliiulilo t4>waifiH tho dcMirtH] it in abnoluiely infcetimry 
tl^it nil pn^jutiiirfa and jeahiunirH hIkhiM )>e set a«ide for the 
acc!oiit{)liHlMii<*nt of the one great olywt in view. 

45<}. All Stilure itr(*clauiiH a Ptiticiple of Phynicnl liinary 
OirtMffffi tlunl in Phenomena. — In conclunion : Wlieii we 
contemjdate the anpi'ct of the earth revolving in Kpaee as a 
great C4».siiiieal IhmIv, with iU 8<ili«l framework of rock covereil 
Iwo-lhinls l»y water ami eonipletely enveloped in air, it is not 
iiieon.sistent with nature to Hnd that theiie ^lementn are hu1>- 
jeet U ) hinarv 1hw.s under one universal system. In the in- 
organie worM tluTe in a system of C4»m]>ens;ition whieh giws 
on tho one hand ami takes on the other. Thus the stnictim* 
of our planet may Im* one ami indivisihle, but the disjHisilion 
of its 8oli*l parts is uiuMpuiK from wheiiee arises its sulilimity 
and utility. Th<*n? an» no twi> parts of its eom]Hiund sub- 
slanee alike, yet all is homogiuieous, forming one grand whole. 
In like maiiTHT the iHiumlless <s*eiin pn^«i*ntH a general uni- 
firmity aiiil continuity, yet wt* know that it is ilivnietl into 
many subsidiary seas jirt'seiiting grti^it variety of feature, with 
two 8<‘parat‘ systems of currents, l^ut it is in the organie 
worhl that we fiml the binary divisions of natun* in perfec- 
tion. Every leaf that forms the foliage of tlie fori*st ln\8 its 
sulMlivisions, apparently the sjime exactly <»n each side the 
mulrih, yet on ch»S4? inspwtion there is a dispiirity In'tween 
oiuj half and the other. Ami so also ever}’' fish, hinl, or 
beast is double in its structure, forming animated systems of 
compensjition, <»ne of which can*8UpiK»rt life in the wh<»le 
shouhl the other biTome disarrangeil. On this principle it 
is as consistent to hohl that there am two grt»^it current^ of 
thi^ ocemi, one tlowing south of tho equator and the other 
north, <iH it is to say that tho circulation of the blmsl is 
separated into two branches ramifying to tho extremities, 
right and left of the spine; or that the binary iliviliion of tho 
atmosphere heroin expounded is comixitiblo >vith tho fact that 
we have a |iair i»f lungs fur the purjioso of rospiration. Thus 
it %vould j^p^i^ar that, as all the iwgans and functions of the 
animal stnictun* are dual in their mitim*, so the soliil, fluid. 
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aiiil struct uit'jf* of iuir common luolluT-oartli, e8j>cH*ially 

the atmospheiv that fanuKhos the life-j^ivin*' element to htT 
chihlnm, ai*© binary in their physieal plu'iioniemL 

lo7. i.%*nchii{lihj li* m*trks on (he ({enerat »SuhjW( of (hr 
iror/i\-" -With tliese coiupivheiwive remarks «in the philo 
Sophy of our theory, we havt' nnu luHl the last j>hase of the 
ehaiiireful subject, ami, like the vieissitmles of tin* s<*as<ms in 
their annual eoui-se, return b>»the point from wlnuiee we set 
out, llavino ^^upe, as it weiv, nmmi tin* t*rbit ofour theory, 
we have passeil throu^^h the spriiii:, summer, autumn, aiul 
winter of investij^Mtion, arriviui; a^i^ain at the “oi'iitlo’’ st^ason 
Ui survey tin* ;L'*‘neral principle hi*ivin set forth. With tin* 
‘•ethen-al miblness" of the poet we submit it to tin* citiisnle- 
mtion of the reailcr learned in the c xaet seieiices, as a eniio 
p^♦mise iM'tween astn»numy ainl orulojry in aeeouiitino for the 
primary cause uf the seasons ainl other nnexplaim*<l pliein* 
meiui in the p.u<t history of the t‘arth. While a^tronomem 
have hitherto represented <»ur plaiH't as dt^peiulenl solf*Iy on 
the perturbations of other eosmical Isnlit s Ibr tln*8e woinli'ons 
ehan^es, we have emleavoured to show that within its i»wn 
spberieal shell lay the for»*es that impelled it into new aetiv 
ity after its priiin»rdial formation. Viewing' it in this li^^ht, 
the w'urld i.s not that inert m;uss of matter whicli we wen? led 
to believe, tossed alsmt ius a lifeless terrestrial hall amono the 
other memhei’S of tlie plaiieUiry systenu We liave. se^eii how 
tliese internal volcanic foree.s, acting with trcineinlous violence 
on the external ^!nl^t, drove the earth from its normal jiosi- 
tion in the ecliptie, causing various degrees of ohlirjuiiy Is*- 
tweeu tliat and its equatorial plane, which may aciuiunt for 
the most inexplicable ejKKdis divulged by fossil remains; and 
we have also shown that these extf^rnal changes in its con- 
figuration and rotation have prolwilily lirought alioiit vital 
alterations^ in the atmosphere, whie.h, under the iidliiencii uf 
the solar heat, were tlie Okioin of tiik Skahons. 
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Bpiskk ttiid ORAirr. Bf UBOROe C. SWATNB, M.A,, UtUt PelW of 
Cor|»ii« ChrUU CoUogtty OifonL Cniirii ||vo» with Eogimvitiga, prico 


THE LIFE OF ST OOLUMBA, 

APOSTI.K OP CAI.ROONIA. lUprinted ftnm the ‘Monk* of the 
We«t.‘ By Uu COUNT IIB BOMTALBMBERT. Crown »to, Sn «d. 

MEMOm OF WILLIAM E. AYTOUH, D.O.L. 

Author of * Ijijrs of the Hmttiah Cavatien,* Ac. fij TBROOORB 
MARTIN. With Portrait. PuatAvo. 12*. 

"Tlib t>Ui 4 rrB|;i|i]r In quu« • itio 4 «t tn iU «B)r. «n<l B dellchtftil t^icf Bficr MiMcti tlhBA hM Irbcm 
of U«« j«B«« tn « ««HiitBr IlfHt. (Iteoa rftcKt f*rU«tjr. bimI b ccuctm* feut wlAtil wscwbmIbb 

B|*pf«cABUau of UhB MtbiBCi, ttUfcr% U»« vorl.*- JI«MMAMl 4 Pr C'BAiniMM. 


THE PUBLIO SCHOOLS s 

WINCriESTKU — WK.STMIN8TER— SHRKWSBCUY - HARB^»W — 
lit '< SHY. Note’ll of their lllt^tory AtuI Tnulitioo*. i)y the Author of 
* Ktonlfiiia.* Crown Hvo, H«. iVl 


ON FBDfABT INSTBUOTIOV IN BELATION TO Edu- 
cation. By BIM«>N a 1.AURIE, A.M., Author of 'PhiloamphT of 
Kthltw/ Ac. Crown Sva, 4%. Cd. 


OAFTAIN 8HEBASD OBBOBN’S WOSKSr 

Ciiifttnn In 3 vu!n. }*«»M w*|»ur»tol 3 f. 

Vol. 1. »TIiAY hKAVI-US KHfiM AN AHCTIC JOURNAL; on, 
Kiuiirri^N MtiKTHS in tiim I*oi.ah UK;h»N« in »»r Hih J<»HSi 

FiiANttUK, IN THE Veaiw IhAO A1. THK OAliKEIL last VOY- 
AGE, ANO FATE OF »1K Jt>llX FRANKLIN. 

Vol II. THK DLSClJVEltV OF A NORTH-WEST FAS^AOK nv 
Il.M.fi, INVOTHMTOH, Cajiaik M'Cu iit:, vvniSG THK Ykams 
1850-64. 5». 

Vol. 111. QURDAII ; on. Stray Lravgb mow a Joi:ricai. in Vauitak 
Watrkn. A CRUISE IN JAPANESE WATEBSw THE FIGHT 
OF THE PEI HO IN 1850. 7«. <M. 


memoib of sib william EULMELTON, babt. 

ProfeMor or logic ana Metapbyaica In the Unlveralty ct Bdinhuish. Bjr 
Pnorwaun VEITCU, of the Cniveraitr of Glangow. l/n l*« pruw. 


SIB BBOOK FOSSBBOONE. 

By ClIARLBS LBVE& Crown 8vo, price On 


AtEhxS J^LACh'iyOOD SO.VS' 


LSOTUBSS OH THE EAELT OBEEE PHILOSOFHY, 

ilXD OTEBR PHIIjOSOPUC RKMAINS OP PROPBHifOR PRR- 

ttlBR OP ST AXORKWR by Sm ALIr:X. GRANT Mid Phi>- 

vwaim LCSHINQTON. 2 Txri*. pool Svo, Ma. 

*■ IsMtMWk In t» flhr M Umv imm of pJilUnnvIhj <lw*n W Ptoiik. hnr* b««n cnrvfUUjr 

Ginbnpfd, •»«* mam of muvii tl«W ln4«Ni. ^nn W wrtllHpi on moi* wa^ 

i«ct la tiM SmIIA lM«uAg«; mi 4 la pSiJi «r dMrtMww dr|4l^ n»wl rawlwu Manh alUr 
wA MaaciottiiMldurit vIm IbaaA. «r« if ihoi ar» m r pMw 4 in aigr taugiMit*- • i v 

oar yavt. ««d» an* ka«>v anjr p^il«*>Httcal vftUap to ft wclBo uim i« ajrvaim «i«4«at of |All«ao- 
fkrm^bm oaiijr poc«a**-cieo<«Man. 

THE WORKS OF SIB WILUAK HAMILTON, BABT. 

Professor of Logic an«i MeUphysics in the University of Eilinburgh. 

LBCTURES%>N METAPHYSICS. Edltwl by the Bkv. U. L. M ANSRL, 
It.D. LLD., WAynftete Professor of Morsl ami M«taphysu*al Phi- 
losophy, Oxford ; an<l JOHN YKlTCll, M. A. , ProfiMwair of l 4 >gic and 
Rhetoric in the Uni%’ersiiy of Ctlaai^w. Third KiliUon. 2 voU. 
8vo, 94s 

LECTURI'S ON* LOGIC. Edited by the Same. Second Erittlon. 2 
vols. 8vn« 24a. 

DISCUSSIONS ON PHIU>S<)PIIY AND LITERATURE, EDUCA 
TION AND UNIVERSITY UEfX)RM. Third Edition. 8vo. price 
2ls. 


OOMPLETIOH OF ME W0E8LET*8 TRAHSLATIOH OF THE HJAD. 

the ILIAD OF HOMES. 

Booka Xtll. to XXIV. Traiialate<t into Rngliati Wne in tho Rpvn- 
serian Stanza. By JOHN CONINOTON, M A., Corpus Profc«a<»r of 
Latin in the Univen»ity of Oxf ord. Price lOa. 

Tlie work h now complete, viz. — 

THE ODYSSEY. By Mu WORSLEY. 2 voU., 18a. 

THE ILIAD. By Mh WORSLEY and PnorfJsaoR CONINOTON. 2 
vola., 2U. 


FAUST: A DBAMATIO FOEM. 

By GOETHE. Translated into English Veme by Tiiisodoiuc Mautin. 
H^ond Edition, HvO, price 8a. 


**T1m b«9« iracMiRikm of fMii* la rvnm «• b»r< ^cC ba4 la llni|tMi4.'*~.V|MfqlGn 
**3fr TiMMKioro MartfrCa trRratlAllon U lha Imoi in th« iRncURM. MmI Vtll flrr In 

Bacllali r*a>4cn * fUr t4«a of cSg grtaiMt «f nMKlcm iMMHm.’*- 



CATALOGUE 


or 

MESSRS RLACKWOOD AND SONS’ 

PVJtLlCA TIONS. 


UlSTftRY OF KrnOPF.. 

Fr»»m thf »»f the Frenrh Il<*>vo1utk>n in 17^9 to the Battle of 

W:iliTl.M* MM AiU'inUALI> AlJSt»X, Hart, lit* I- 

A Nkw LtivMAKV Ki>n:MN (Umiii; the Tenth), lu 14 \ol*. d^.'iny Svo, With 
r<M traits, and a c«>|*iiiut* Index. ailP, lOa. 

ANtrriii.it KinrtoN, m rruun 8vo, 20 v«»U , £ 6 . 

A k‘h 12 \nU , cluhcly i^nntvd in di*uhte colunina, X2» 88 , 

ami lit<h*x Volume, :iH. 

" \ •! ‘^tinb^'r'JiftAry tK-rk, l>«« e4nt<'tl p1»c^ In Ih* fti^rmturr of th« ctxtntr?. 

• ii'l MtOiiri « ?*» >r^r* h uj'i ralNC It, **«-rr |«*rt «.•# iKf Tij-rr» U >*o Ixne^k rtt»g,X 

lii'kl ir< ai« «t< art. •>Ohc ^M-r«iwt llir n < f ahUb Mr Ui» ‘urt lia« r t<<«A It 

rtliilito Kriai ki«/al* U'. patkiiit r^M Aftli. li.4< fAtsifablr tnauatrf &st<l t**t {j«a«r*’ rit*,rt, 7, t*<ie 

coxT/.viWT/uy o/* j/j.^iKws nisTunr hf i:ri:oPF. 

From the l-\tU of Na|Kdv<«ti to th** Ai'rebMMti uf Ix^uia Na]sde<*U. Hv Silt 
AUi'lllHlI.li AldStiN, litiL, 1> <\U In •.* vids , XH, 7». 6d. rn,fMnji 
Hiih the l.thi.iry I'^Iition of the prevtoiia wotk. 

A P»xii‘Lk.*s KniTios, lu 8 volt , eloaely |*riuU*<l in dot&ble columna, iCl* 14« 

EVimstt: OF Mjsox's ///srony of KrnopF, 

For thtf Usoof ^>l•hl>MN and Young rerwuia. Fineesitli Eudiun, 7a, <ki, bound. 

.17A.I.S* TO MJSO\\< niSTiOtr OF KVItOPK; 

roiiiaiiiing loy Mupi itiui Fhina of Countnes, Hatties. Sieges and Sea-Fipida 
fonstrm t.Ml l»y A Kitirn J«*iinhton', F li S K With Yocalmlary nf Military 
nnd Manat' 'it-nuH. lH*iay 4l4». I.ibriiry Kdition, llA, Sa. ; Fetiple** l;^ition. 
nxiwn 4tt», £i, lU Od. 

IjrFS OF Lonu iWSTLKnKAuH ASn SIR CHARLES 

sTKWAUT^ St'i'oml ntitl Thiril Mart|xteiti*es of l>vndond«rr>' Frt'in the 
Originul l*Hpeni <*f the Family, and »tther Mturvea, Hy Sik AliCillDALD 
AldSON, Hart , Da? U lu 3 %uUi. «vu, 5a. 

AWALS OF THE PEy/XSCLAR CAMPAfOXS. 

Hy L’AiT. THOMAS IIAMILTtiN. A New FAlition, tklited by F. IIarD' 
MAM, K 84 |. »vo, 16* ; aiul AUaa of Mapa to illuatrate tlic Cainpai^ia. lia. 

A VISIT TO FLAXHERS AXD THE FIELD OF WATERLOO, 
Hy JAMKS 8IMFMON. Advocate. A tieviacd Kdition. With Two Coloured 
iMaiia of the Hattie. Orown 8vo, te. 

WELLIXHTOX'S CAREER: • 

A Military ami Folitical Hiimiuary. By Ltvtnr.-CoK K. BBCCK 1IAMLEV» 
Pruraaaor of Military Itistory and Art at the Staff College. Crown 8vo, 2s. 



•OOM PU»t.t»HIO BY 


wrjT STORT or TUg'cAMPjmy or 

Vrittvo la Um» CMa|>. tty UKrr MAHMiir, Ihifc UltMk 

milutti amwa la Caa»|> by Aatboi^ tU 


tf Umi mmmmm 


iritrSfa ^ iitfnK » te • «w Mf «•" . ... 

uSmfr Mrl ** ««»• •«* , »Mr a ^ 

-■^ 


CIMW gf tlMM» V<m>g«a «»»•■• ^ 

Mw4 ]M|«« ta» ««r> lacjP lui«« 


WTA’ /.vrj.s/av o^* r//A' cniMKA.- 

ilA i?* |V\.^Tr«k* ^1* vu ltt«r llwilb 

By ALKXANt>F.K WHXIAM KISuLAKK.Iir I *n«i i I . 

%h» fcS«^bS-* d Vk'u t.) Ut< i.l.taK' 1 IvAUie ui lJUr A![U)4 IV*urllt K4if<>^u 
Ptivo 'i:t* 


TKX I'AMAVf IMFFI:Lt:JSM /X / AM A » A 

»tSH <.f « "• |M:u*ur ' •u.j •:; hi ^v,.^ 

•* T&<rw k«i •>««« t^*!i * A««r • ^.v--*** W V>-w>K #» ifei««i tItH «»>.».» 

(jr* f#iiin*’» W J« XDb* V-I ■► *•*•*• <>■-<.» ft m ^ )l lv*4 < 5*V< *l^• r' * • I«k 

v.i ^ ' r *«■'*%■ «*■«»• I *‘< Mm * i» • *-*. ^ tJf ft ftCft<>6 jJiftf*-* ft , t « 1 e - i *4'.< M ft ft 

|.t i ‘.t . lii * "k ft' ft 'i. u' ft f ^<‘' - ' «4ft. • « {►r fit ,«> ft ' |« !.-• f,tu ftftinl ff . t 

ftc (jUfc'i V«e«ftA W S<iUn..V« -J VJi»# * :Jr. ^.^^*. ?«-*»# 


FIFFTS J.V/* .VJ IVAN 

lEv n irrv'% ^ Ullil.K> HVMI.KY. U M j in * lliar k. 

t U4^'u;->.«'C * r’-wt» 

insn*i:y nr r;A/:/v /: rxifkn rnurnix !$vMtXATiox 

Uy tiloUhK FiNU V\M«h h ft Atli« i>» \it ' 

Gm>‘ k iN:<»st Tur i» V Uf* fM ^1* ?17 A H.(*f. ru jil V.rw .*f 

*fti*V A 't 3'1 J- ;s ♦*( ?3i<' < »T' ♦ k fT*-U» »!•> * ^‘»J•4ll^'^vi i'} !i»»* li» lt.AI.il s.ttt.l 

Us* Kit.£ftCU»b «-t Usf lV'ik«*r m thr N'^uini i.<l*.t>«>si. IcVg 

I!s<r\.i5V t‘f Tifr llvy%STiN>J KaitKt 4 i» Tl»^ !<• nu l *T U** 

ftr- -k K?i;i‘irv i f aXi'i a I* 3-»»i t»i , 

£1, T-i vi 

Gnii-i r 4vi> Tllr.itlZtt^(Yl. TIi*' 

she s 'r?iA!>^ier)* Ha < }i) th»* n>rkx, » i» lvo4 if' I.v 
afi'J ^,'M* lfiH!#fr> ' f S3.e Kjji|»jf* »>( Tn’l»if*»!nJ, a »* I'i'U t4> IH i- 1"%. 
Gitri^ K fKifiiMAS A7ii* \' KS^fiA^ I N A X I* .S. At* 14^3 t<> 

]v:i. 1*,^ 

or titit GKrt'K Urvoirri^iV s\€t, £ 1 . 4* 

“ nil f**»A i* w- U4+ .u fU'« *».<»».« i» r r<t«.«rh*1>lg •! rkft wn f rm 

«iv< "f \hf' 4ri!v#M« ctf «<4k4iiAn4»if 7tft« *A ic Util I'.ftjf iwU| «i)tLftr«l il 

THE SATIO.XAL VltAHACTKH OF THE ATHE.VlA .VS. 

JJy Jo!!S liHOWiN hATTKh>4»N KiIh^mI fmin Uj«» Autlii>r‘f% rrviHton. I»y 
rK*»F'tA^»R rihhAN.S. *rf tv; CnivemUy of fi^istiburKh With a Skil«!t if 
hia h*r«. Crown ^>vf>, 4s. W. 

STUDIES IX nOMAX LA W, 

With t,»>rni»aniti4f* View.** of the |.aws of Fmnr*. Kn^kind, an#! Heotlnnch Hv 
liOBD MAi’KKNZIKft on*' of the Jtiiiges of the Court of ^sasiud in Seotlainl 
ftvOft 12it. fSeconiJ Edition. 

•• W« know n<>« in ilfc* Kn«lua l«nfuM» «Im l<wk for m hkmt,rf of iIm ltom«n Uw to clrAr, •ti^l, 

At Um win«t umc, «c« fthort. . . . Mwrr lmpr<4Vin« rr^atnf. U4ii Rif Ike nrraor*! Hutlrtii ftnd for lh« 
Uir/rr. wn cmoioi »«l! tanftKfna: mmI Uwtt ftr** r*r». ewi •nu/At l«MrrH>«l men. «ho «in uct 

gMb«r fto«M iMiivrl InfomMiott Uvtu Lord MAckcAitr'ft i K # —/* lirvtafw 

THE EIGHTEEX UUniSTIAX CENT VRIES. 

Hy the Hev. JAMKH WHITE. Fourth Ecliliun, wiUt an Analytical Table of 
Ct>nteiifw, and a Copious Index. Post hvo. tta. 

TUB MOS^KS OF TUB WB.HT. 

Krom St B«n«lirt t« St Bcni«r*J. Uy IJi*. COVST DK MOXTAtJilMUKttT. 
Authorbed TraiiftlaUoo. 9s vob. Svo, ti 13». id. 



^ILLIAM 8 LAOKWOOO ANO UMt. 

msTORv or fra rex, 

V>nM tlw t» th« Xmt IMI. »f tlM Vnr, /AVMI WBITK 

Aa^Mr of *TIm BIgMaca CtvMtaa Oaatatiatu' l Uhati FM 

•vi)^ 9m. 

«C|wh 4 taiuk« MMl 

LRAUEm OF THE HEFORMATEOaV : 

Uthck. Cai.vik, Latimkii, aiid Kwx. By Uie Rkv. JOBK TULUX:II, 
IM» . aii«l rntfjAditA I^rulvMior Theology, Hi Mary** CatS«Kv« 

M Ait«lr«*w». H<»run4l EilUloo, cruwn Uvo, 6«. OiL 


KSUUSU PUHITAMSM ASh ITS LEADERS: 

rttotCWMX, MiI.To.V, JiAXTEk, Mtl<l lIl KVAN By Ulir Kk%'. JOHN TULIjOCH. 
1» l>. L'ljifoini MaU Ihrt c4llio lU^onuatiou * T*. Od* 


itlSTitny OF THE FREXf'if FROTESTAsVr RKFUOEES. 

liy WKISS, of Mi*«tory mt llii? t«ycM Booiui]«krlk. 

TtAti»Ut«*vt Uy F IliKtiMAk. K%<|. 8Vo, 14 a. 

JUS TORT OF THE riJi-RCii OF SCOT LA mV D, 

Fr»*tu ih*' k«''roTiijAtiofi l*» lliK? it**\t>tuttoti By Very Rr\* 

.ItUlN hKI.. fi 1> . ]J. I* « of titf< t'ni%er%it> of l;klitibui 2 ;Jt. KUited 

b> ilu* WiiJ.iAM I.L).. \o1h. 2U. 

HisriHiV OF .vorAJ.V// Fno.\f the revolctiox 

'I M ih»* Fm *» t iJif It-al liiHtirrvctioii. I «’»'** i* 1 74**, IlyJOHN 

1111. t. Ill lir*»N, t Adv««'At<* si \ol> ^V4», F**4iu' cd l<» 

iJVES OF THE OFEEXS OF Si OTLAXD, 

Aii«l I"!. It* «'>iun* flail ^ itli tli»‘ fit'll ^>o« <’*' 'all* *n of cireAt flntni:i 

H\ At*SI'>l STUU'KLANB. With IVrtra.tA Aiid jil \ ^ 

Mo, a;4, 4a. 

' r.Kfff airi* lit !• fcM»'rn*l . tiv* *K»4*« of xhr ar»«» o« rtrry i**!** . the %rrj n- i< 

AU'a't't tAlni* «t « wnoe. a..4 t4r«« of ni»n>t ».» AM in a |«ni\ii.Ar etar.ii^ i 

lit f.i ' T<<r * Utt n s' fsH'tf < t iha nt^ tltuslotHi* «.-r AMTnlCMit frua*i* <tMi«%rU'r> «>• thA« I 

I (kl.ttslri m* 4 wtig ' A>4 •'Aw''i«r« M 

M KMaft/A /.S OF TUK F.XSTl.R OF KhtSnrnuJl. 

lly JAMl’-S tiBAXr, lv*«| A New Ivdttvoii lu cjowii bvo, wslh 12 
3i (kl 

MEStOlHS OF sm WILLIAM KUtKALDY OF OHAXOE, 

riioi of the r.-isth- -if iaj;li for Mary t^ueeii uf evom. B> JAMKS 

Git A Nr, I'j^q Ti'*! Kio, XOh. Ul, 

• 

MEMOIRS OF SIR JOHX HEPRCRX, 

.Wnnh.il t»l Kmiifc oiidvr ixtUiH \lll , 4 !a\ By JAMKS GRANT, Ksuj Poii 

HV»», kn, 

iro^A'N OF TtfK UK I'. TIlo.yf.iS M'fHlK. 

A Ni-W »II>I rmriinn t-UIili.m IMiUrtl Uy .M-fnii. 4 vol*. cri'Hii 

fcvo, 24 a St»|tl iii']«:i.raloly'— %'ix ' 

1*1 rx «»r Jons KNtix i\»nt«inini: inuAtmltonn t»f t!io History t»f thf 
liflormaiitui in ?i<‘oilAiitt. Crtiwii M'o. Ha 
L irr. OF Asimxw Mr.i.viii*it i'onlJiltiiUi; IlluAtrsitioiiA of tho Kri lwtlaAtJ 
t«l nml I*it«>rary IfiAlttry' of Mfvdlttiid m llie SixU'eiilh and Sewnt cent h 
iVtittirirA. Crown 8\o, i»a. • 

IiiMT«»KY or THi: rwooRi^w A?ti> 8oPMiRa»ios» or Tftr Urn^RMATios is 
Itai.v IX TUK HiXTrKXTii Cksti ht. Crttwn Svo. 4 .a. 

IllMttmY or TUK I’HtHIIlKJW ANI> Sl VYRrMHltlN t'F TIIK UKroRUATlON I V 
Bfain IX TUK hlXTSKirril CKNTt'MV. Crown Svo, 3». hit. 



BOOKS PUBUSHCO BY 


TUB BOSCOBEL TRACTS. 

UeUtuig to Ui« ot i Ui« S«c\»tui after the Ikittle ol Woivedter, 

and hu aubise«|ueiil A<tvrnturt*si. Ka)UihI by J lli'OHr.H, AM. A New 

Ktlitioii, with additional Nott>» and Ulu»t rations, iiu'ludtiw i\>miiiunir.tti<*ii<i 
from tha Kev. li. II. Baku am. Author of the * Ingoldaby la^gendji,’ In a\o, 
with KiigTaviusa, ItSa. 

“ * Th« BoKob<^l Trmct-« ' t« a cun.n*4 bo»>k. and atn^ut a« fotMi an i»r Uiuclr nilvirci 

rtcal cvU«<c»<jiiMa* uva> tw fvruu4 u*i4rrt*acit. \>r ai Khm ^vQk|>|rtc>|, n the tuiuirttiun , r il»« 

late Buhop i'^pplntuiK. lu il aa* < Atru-U t.>a( aith a Ueitrw iuJirmriit aiiU ia>te itui alaa^i luuuU 
lu ««rl» wf a ufuilar chanuricr.'*- >pv«<atvr 

LIFE OF JOIfX DCKE OF MARLBOROraiL 

With some Aroomil of his CoiaennH»rant*s,aml »>r the War of the Surresshiii. 
By SiK AUCHIBALD ALl.S4>N. Bart , 1>.C h. Thirxi Kdition. 2 vols. hvo, 
Fortraits and 30 h. 

THE XEW ' EX AMEX;- 

Ur> An Iii»tuiry K:to Hie K\ idenvvof certain Pas<ac«»s in * Macaulay’s History 
of KUj^laiul* eoiiv'erniiiR— TiiK ihkk of MAUUuiuoi'iiii— rii»r .v.^sHAtiti hf 
ci.i:yii>r— Tiir. huihi.^nhs or storuASD- visforsr lu nofa;- >hu.i.iam iasn 
B\ JOHN PAlitrr. K'vvi , lltrrt^tt'i :it-l.fiu in rro\t u ^\o. ds. 

*' yffftrtunlj nrt^r sa» a m<.r* liatruMin#; eiiH’vurr. aiiU ti o rih that itiutli t-l U 

appeanru in ' Bia A Hawaii u ' Juroiii (hr :!r«tia»e of Ur-i Maiat.'a* I nt hr i>r«er atft itii irtl (»• 
ttUklLe ait> reply. The ihar^«a are »> Uirtvl. au.t unttsi in »ut h nnmi»i>kai'U Unitnaar. ihai tu> «riiir 
vho value-i ma Jihara^ti'r f if either aveuraijr of fav« or m ^ otuiueni »4ulil le« ifirm rmialii titi 

aoiwere-J if he ha4 any rea*4..<i c>. ^tve '* - oeMiarHuun** JUtuj^tstu*. 

AUToniOf;RAPHy OF THE REV, OR CARLYLE. 

Minister »»! Inwrrsk. iVjiiUiiiiu^ McmoriuU of the Mm and K\i'nta ol Ins 
Time. Kdiieii by Joiis lliui. BrKr>.v in b\o. Thud J'^Jitioii, ui'li 
IV'rirail, U.s, 

“ Thu t‘A'i <enutn« by far the tucM Tit:4 of Hh i (itth life anU inaiturri that ha« hrrn iropri (<• 

the pulot tho <iay«ftf •*te aUrf It, l»e^to*tn|f U Iho htiOi praiie, ei titakr i«\ <r\ . 

tui., i< 4 even tit fa* one of t...r4 ' •K.hburn’* ’ Meoioriah' - the h'ltA ahich rv'atiubicv ii tuoat, and elm it 
ratiii nett to ti In tutcrett. ' hdinlur^fk iieopte 

MEMOIR OF THE VOLlTirAL LIFE oF EhMCXU RVRKE, 

With Extracts from his Wntii^s H> the Ukv. UKOliitE (Ttoi^Y, I) I>. 
2 VuIa. Jtosl s%'o, liis 


<Tiin.\s .\si) ms t'ttXTKMPonAiiiEs. 

liy dlAHLES Eaq , A II, A NVw Edition CVown hvo. Ta 

“ <>rtainly one of the « ttnu'rdinarjr pieeea of hmKrapby etcr prMiicriJ >■» lii.iai y 

ahoniit l^r Without It" I^tni 

• Nnrr. fierhapv »at there a more eurloui of portraiU crowded before into the aaiin lan 

»a«’*' fonee. 

MEMOIR OF MRS IIEMAXS. 

By her Sl^TKIC With a I’ortrait, Fraj*. 8vo, f>H. 

LIFE OF THE LATE REV. JAMES ROBERTSOX, 

F.Jl.S K , Professrir of Divinity and Ki rlcaiust iral History in the University 
of tdlinbun.di By the Rkv. A. H. EllABTKUlS, AI.A., Minister of Nrw- 
abbey, W’llli n Portrait, bvo, priee 10s. fki. 

ESS A YS; HISTORIC A L, POLITIC A A, AXD MISCKLLAXEOIS. 
By siiR AHCH113ALD ALUSDN, Bart 3 \uU. deiiiy bvo, 43a. 

ESSAYS IX HISTORY AND ART. 

By II. II. PATTERSON. Viz. : 

couian IS katl’rk ahd art—rral aitd idral BRAimr— • aculpturf.— 

FTflSoMiOY OF EVRori^-UTOFlAH— OITR IRDIAR CMFIRF.— TIIR RATIONS I. 
Lire OP CHIRA—AN IDEAL ART-COKORR!M--’|IATTr.e OF THK ATVI.PJI— OENII S 
AKD LfBeBTy—YOL'TII AND BL’MMRR^RKC'ORDS OF THR FART : NINKVP.If A.NI» 
BABYLON— INDIA : ITS OA 8 TBS AND CKCEDS— ** CHRI 8 TOFIIKM NORTH:*’ IN 
XEMORIAM. Id 1 yoL 8 vo. ISs. 



WILLIAM BLACKWOOD 8QNB 

\OllMAy S/XVlA/K. 

Hy W K .\vr<>i;x, liri,, Aiith»r of of th« SrottUb Cavalieni,* 

A*' Ac. ill 3 VfiU jHifit hvo, illif. (ill. 

THK o/,/> n.u’itKLon tx the oli* scvttisu villaoa. 

Ity TI|O.M.\H AlitI). Frail. Hvn, 4«. 


StJt E/nVA/tl) nt'tAVKH LVTTOX fi XOl'ELS. 

J.!)*iitry I*niitv<l IrMtn a lar^i* atid rcadttb?*' In Volumes of X 

Coin rill* M* and tianiiitfifiit! fornt Mu. &i». eai;h*~'Viz : 


Tii>: i’avton* No\eiJ4, 10 Vuhniirji : 
'III'* r.ivfuii |**a!iiily. 2 voIh i 

My Nu\t*l. 4 %'<dji« I 

IlnvruKn %i. Uomwi kh, 11 V< »Ui mt-H : 

*J \m1s 

TU*‘ 

2 VuU. • 

IliniAM EH. 5 Vultittii'H : 

‘liic t<r the. Khiiii*. } 

1 v.d j 


What will he d<t with it? 
4 \oia. 


Th»* Sh*ijr» uf (i^i'ii^da I %*ol. 
*lh** L.'iHt fd Ihv Ihirous. 2 voU. 
Ha:»dd. 2 \uU 


Kn^cno Amn 2 %‘uIji. 
/kWolll. 2 VuU. 


XmM-.I-s ii|( Liki: amj Man.nkiu*, IS \u;ii;i. . 


r-.dhaiii. 2 v«i!h 

‘I hi* d. 2 \uU 

r.inM 'httunl 2 

(Mildjihlll I Vul 

Krn«*st -“i'lr-it Part 

2 vuU 


llrncui Malt ravers — Hc- 
I'^-nd Part (i t Aiirv> 

2 \oU 

Nitfht and Moniiuft. 

2 voU 

Lui'rvti.'L 2 VuU. 


" ti u tif th« Itrni « f tii^, ih«r pBfwr U ; BA't th«* Bhlfh wKifM to t«t Mfw la twTf rl#«r 
%iiS tK.iutt!Ul (h r 4 /^ ti>> |4«iur«i. Th« *H*>I« tHami «if ik«> iwyMtumna cif tbt toluntw 
ill lU Aift till' irfiiftjrta LU4r«^%* mn4 Ur«uf/ *•# the Ijiw. uhlfh CtMirrrU »f»U» • |4«« 

■«ir> ii4f>r« B«t ‘f f iK (he nririur* hiicAk *<»4 !«■«««* liie One U? titrt iu uniLte 

•tpii tr.| f»*rc« nipii* III** re^iler " 

" NiUltliiK cwuUt big Iwiter m la mm>. |M|*er, BAiS f«fi«rU f<« up **• 


JESSIK A IUdJfLAXh STORV. 

By the Lahv U.M'IIKL ISUTLKIt Sk-cuud ludiUun. Hmall Svu, with a 
2h fid. 


SOMR RASSMiES !X THE LIFE HF ADAM BLAIR, 

.\ti(| lii*(tuiy uf Matthew Wald. J)y Uic Author of * Valerius.' Fcaix 8vo, 
Ah. cloth. 

( ARTA/X ( Lf TTERnn K S (HAMRAOXE: 

A W«*.ti Indian Hcminiiccnce. Posit 8vo, 12a. 

SrXXES or ri.K/t/rM. UFK. * 

The .Sad Furtiiiieii uf Afnos llartm— Mr Gilftl'a I>ove-8toi7— Janet's iiei»cut- 
unco, ily GKOHGF KLiOT. 2 voU. fcap. Mo, 12a. 


BEDE, 

ity GKoHUK ELIi)T. 2 \oU. fcap. Svo, 12s. 

THE MILL OX THE FLOSS, 

By iifXMlGK KLIOT. 2 vula. fcap. 8vo, 12s. 

SILAS MARXER: THE WEAVER OF RAVELOE. 

By GEOHGK KUOT. Fcap. 8vo. tVa. 

THE XOVELS OF OEOROE ELIOT. 

Cheap Falitlon, complete in 3 vuls., price 6a. each— ‘VU.: 

Adam Bkuk. 

Till'. OM TiiK Flosh. a 

Hi'|NKs ur Clkhical Lira, and btLaa HamNiB. 



BOOK^ PUBUSHCD BY 

\ ALKRn\S: A ROMAy STORY. 

Fcap. 8 ¥o, Ss. cK>tU. 

THE DIARY OF A LATE niYSICIAy, 

By bi.VUL'HL WAKKBN, I).C U 1 vuL en>wu &«. 6d 

TEX TIIorSAXD A YEAR, 

By SAMl'KL WAUBH>', D.C.L 2 i‘it>wn 8vu, ik. 

.voir axd trea. 

B) ^AMl tL NVaKKKX, DC.L f n»wn Bvrt. •»< tXi 

THE LILY AXD THE REE. 

By SAMl'KL WaUUlA, Da* U Crvmn Svo. 2 .a 


MlSfELUXIES. 

By .SAMILL WaHUKN, D.C.L I'n wii •ivo. 
irf)/?A'N OF SAME EL WAHREX. Da\L 

Uni/win t«liiwu. d VuUi cruwu 5Vu. 24 .a 


irO^A'.S OA' F/KfFESSOli WILSOy, 

K \>y bis Sm in law, Pn*fi*s«ur FhKiueR. In 12 voln. crown 8vo, £2, 8s 
,lllustratti<l with PortraiU uii Steel. 


RKCriKA T/OXS OF VUIUSTOPHF.R SORTH. 

Uy WILSON, in 2 voln. crown 8vo, 8*. 

THE XOCTK.S A.\rnRo.srAX.f:. 

By I’ki>ie»i(ib WitSOX. Wiiti Xtilcnand aGInsiury. In 4 voU crownSvo 
ItJs. ’ 

IJOllTS AXD Sir A Don's OF SCOTTISH LIFE 
By Puon^HOR WILSON. Fc.ip. «vo, 38. cloth. 

THE TlilALH OF MAIi(K\RRT LYXDEXY 
By Professor WILSON. Fcap. Svo, 3.s. doth. 

THE FORESTERS. 

By Professor WILSON. Fcap. Svo, 38. cloth. 


TALES. 

ThT-? ‘The ughh wd Shadow! of HcoUlah 

I'".?' Margaret Lyndaay;’ and ‘The Foiwtori.' In 1 vol. 
crown ovo, 48, cioto. 


ESSAYS, ^CRITjr: A L AND IMAOINATIVB. 

By PRorcRsoR WILSON. 4 voU. crown 8vo, 16g. 

TOXY BUTLER. 

Originally publiahed in * Blackwood’s Magazine.* 3 vola. post^vo, £1. lli. 3d. 
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)|^ILLIAM BLACKWOOD AND SONS. 

TUK itnOK If UXTKn, RTC\ 

^ lly JiillN HILL UUllTOS. New Eilliloa In rrown 8yo. 7i. M. 

rliMint %n «l ftiMt p l w w t m «o rrad fVnm lu Hell ll» 

•lut It* Hutn*>ur«#«ftii «« wbo «*r« liul# fur iU« of vJbltli It irtM*. b«it Iknoo4 mHmtn 4«< 

iUMfUi to il»(Mo oho or ta *i»f in«iaUr« ut ih* tihvt* frotmrn/ " Avinrdatf JStmrw 

'* Vft Hftta it«A Urh mor» Mouwd » long ttnio * mvI c*m ronHor wlio UJIm IxiirrcMi In tjuMmulkg 
•rul iia i4MiMsorMr.09 «ilt mjt in* MUur. If he olll h>ntin to vw^; UgitmlfeMk W «lil •oteh, mmT Ih» mmtt 
• b.rn It toover ** ■ AtKmttrum, * 

'* Mr Rartofi hot now gUeii ui h pkMMit hook^ fhij of (jiuJni uircdot*. «i>4 of o Itvrtr hoohuh folk. 
There It ft «|uut Yiiin.our lit It ohub te ver/ UkJ«g« utti tkrr« la octtrioiM ka««lc4i«oflNMift which li 
rrftlljr wrjr MMiud.*’ itMotioer. 


noMKH Asn ins thaxslators, 

Aii«l tlit» Dmiiih ily l*fcoricjg»oK WILHON. Crown Sro, 64. 

** httl offtll the rnth'itavtnn llomrr ohlih f ha** eter ha4 the go^ fWtone to v«ft4. In or 

•*»/ iftficuftge the niuti tttid ftfid •nurei* grt»uit or* Axjm fo<tt»d la the CnUcaJ mA Imaglftw 

Ut'*/ or the IftUi frohuMor WilivMi*' - Mr olailihM i r*# ^tHluo • 


Til E SK ETVl! KH, 

Hy the Ukv JOHN KAOLRS. Oripitally In * BUrkwood't Magu* 

/iiu* * 6vt». lOi. i*nl. 

** Thl* folumr. !•- the •t>ftr*<f»nft4« Oftfn^ of * TK* Kkeif heir.* !• o«k« likftl oufhl lo bo fv^oftel lO Ih* 

Miftitu of rt«*r> Uift*>'ft(^ v^inU^r More inttruettre ftcug CN«f«aUf« W il i n gi fee fwiuig 

■rtMU. Mpeiciftli/ UudKftiic |>*iiiur\, «.4tn kct'cIj he fvuiMi.*'~!hr Oh4r. 

ESS A ys. 

Hy the Kkv. JOHN KAOLI-X A M. Oxon. Originhlly pubtuhed in • Black- 
wiMMt'*t Puht h%'o, Hm. tkl. 

Co.vTKNTH -('hun’h ari'l other Panx'hbilt —Mwlirnl Attendanre, hn<l 

oMi»t l*»n«*hwJ» — A f«'W Htiunt nl Ham|»b»» Court — <inin«lfalberi and 
(jnin«l-'liiMmi,~-Sflliii^» for a rorlntil.-Aw- then* not Orwit lloaKlcn 
aiiMiti); im f—'IVnuH'rauf'* and TerttiUil — .Thaekeray’* Lecture* : 

iSwilt —The l*alace. —Civil laalion : Tli« Ceiiaua. — The Beggar's 

Legacy. 

EssA rs; insTonirA /.. pouTirA A yn MisrELLA yEors. 

Hy SIK AitCHlUALl) AI.LSO.V, Hart., H C L. Tliree vuU., demy S\o. 45*. 


LEryniES OX THE POETUWL LlTEItATrEE OF THE 

PAST HALF CBSTVllW Hy i>. M MOIH. Third Edilion. Fcap. 8\o,4ft. 

'* Ext|ulMi« III lu iMic ftiid gviiervut In iu crllicUmft*-/lM{iA JUtUrr. 


j.Kf'TiiRKs OX Tin: itisTonr of uteratcre, 

Aiii'K'iit ami Mmlmi From thv Urniuin of K. N.'iii.E«El- Kraji., 5*. 

'■ A wonderful perfUmMni;* bciicr iiuui ftiuUiJitg wc u jt* iiftfc In onr nvn lftufuftge.**-'<(J*ftHfrf> 
/terwtr 


THE GEXirs OF IIA y DEL, 

Afwl the dirttiin tivc Character i»f his Rarred Compositions. Two l>ectures. 
I>eliA'»*n-d to the MrmlKirs of the RilintmrKh Philosophical Institution. By 
the Vhiiv Ukv. HKAN R \M.'<AY, Author of * ReminUceiieea of tkotlish Life 
and Cluimctcr.* In crown gvo, 5s. Od. 


RLA OK irOO/> N MA OA XI XR, 

Fi'oiti t’oiiiiiienceniciit in to December 1861. Numbera 1 forming 

80 Volutiiea. £31. lU.s. 


INDEX TO THE F/RET FIFTY VOLUMES OF DLACKWOOI/a 

MAOAZISS. 8v«, Ito. 



8 BOOKS FUBUSHED BY 

LAYS OF THE SCOTTISH CAVAUEIIS, 

Anil other I’twuis. Hy W. Kl»M(.>NI>SlUl’NK AYTOt’N. P C.L., 
of Rhetorie and KnjjJish LUeruture in the University of RUiubiUK^i. Twen- 
tieth Edition. F*'up 8 V 0 , 7 s. tkl. 

*' ProftHBor Ajrtcmn** * Lap ofthr Scottish I'avatten* a vulum* i>r vrr*^ which ihovt that Hco«lan4 
yt% a tuU of th« tru« flrv. ii >'*'« vttn ati<l likf a iruui|i«;l-aott'- uu« uiihi lu caUciivv* Md 

ajid Wild M Ui« vad wf a Highland ilir);e."-- 4 ^MiirC#r{g ItmcK*. 

BOTH WELL: A POEM. 

Ry W. EDMONDSTOUNE AYTOUN. P.C.L. Tliinl IMitioii. Feap. 8vo. 
' 7s. OU. 

** Proffer .%Ttounh»< prtxlurr^i a Rur r«m and •!! ah'o .<iricumriil, and 'Uulhticll' will asaurvdljr 
lake K» «taikd auiuii^; me ofScottiih iueraturw.* — I'te i'rtjj. 

T/IE DALLADS OF Si’OTLAXlt. 

KUitnl by rr^fesor .Vvtoi n. Thiitl Kdition. 2 vnls. fi'.ip. Svo, 12ii. 

'*No coulUr? can toasi of o richer colh-cuon of Kalladt than So iland and no ftdiU'r fhr thew Ilallad* 
evutabe found uivrv ac<.om{>luhcd than rn>fc«a*r Aytvntn. Itrha^ and f'lrth laolveautlful rntunimwhn li 
raii«:e with ' iVr«.jf'» Kelttiun ' which, h-r . t*aipiru tirv^ and at* uratj. It-aic little t«* he di'^irr'^l whn n 
ii.u-t hritceforth he comtd red a* the uatidani « tiiion vf the Kiotttdi hallad«. ami wiitcii w iiitnnt<*iil 
a:> a oiodcl to anj aotoug ourKUtt who uuj (htuk of doittK like Acrvic^ t>/ the Kngltdi liatladv*' Y'nfir* 

POEMS AXn BALLADS OF GOETHE. 

Ttii!.s!atc-1 l\v Fiidc*i>ur Aytuvs aiul Tiikohoiih Martin J^iri'intl Ktlitioii. 
Fl ap. 8\o, t *♦ 

** Ther» M no it ul : that thne are the hot tra:<ala:iuiit of UocOn'a tuarvdhiuiljsui i;i.iii« whiih haw 
yit been pubUiLcd. '- iiotca 


THE BOOK OF BALLADS. 

EtJitiil hy Ihi.N (iifi.riKH. Tffith with nniiirrons lltustnitUniH t»y 

Doylu, Lkkch, ami Uiti/W’sii ii r. Gilt ctljjet, post Svo, f*.i. (kI. 

FIPMILTAX: OIL THE STFDEXT OF BA DA JOS. 

A Tr4i;4etly. Uv T FKIH’V .loNUS. Jij siuall hvo, 54. 

** ffnmour <>f a lind nv'^i rare at ail tlnee. and c«pectatl> In the (ireoeni dav. runs tiin>iirh rrrrj par^. 
aifl paMJLK^'^ of trt.f' {A'try ami dchvivu* rcniRcatioii present the t.<.ri.iiiiual pla/ of aartaam Irum uimn- 
lii< ledioua Ltlt.urj/ OutrCfe. 

POETICAL WOBES OF THOMAS A I III). 

Fourtli Liiitioii. ill 1 \ol fc^Xh bvo, Gs. 


POEMS. 

Hy rj.i* r.\r»v FLOR.K HAST! VOS. fMitctl by her SisTKn, Rerornl 
with a i'ljiUdit. Fimj) , 7*». til. 

THE POEMS OF FELIHA IIEMAXS. 

Com 1 11 lie ill I m> 1 rri>al S\i», witli I’nrlniit by FiMDr.N. Cheap Ivlitioii, 
12s. (jil. Annfh*r Etfthno. with MKMotIt bv li»*rSiHTKK. Kovt-ii vnU. fnip . 
55.11. Aiu,fh*r K4iiiuv, .Six voN. bnrupl in Three, i-li*th, 12 h. <M 
The followinjr Works of Mrs Hcmans are soU separately, l>ouml In cloth, gilt 
etl^es. 4s each :— 

RFiORDS ok WoMASf. FoRIIST SANfTlTARr. BoNO.H OK TIIK AFKKf'TlONS. 
pRAMATic Works. Talks ano lltHTunic: Sck.nkm. Moral and Ukli- 
GiiiL’s Forms. 


THE ODYSSEV AXD ILIAD OF HOME It. 

Translated into Enj;liHh Verhc in the H|ienfH*Tiafi «t ii»74. Ry PniLIP KTAN- 
HOFE WOR.SLEY, M.A., and Phokehmok CONINOTON. 4 vols., cntwii 
Svo, £l 19s. 


' Mr W'ontry. -applffoir tbeSMmrrfan atanta. that iHmtitffVjl mmantlc mramiro. tothw mmi mmantte 
eni of tha ancient world- making the lUfua field him, lino fwhat It never jlrMeti to Rvron). IN irra- 
vuree of ffMidiif and swrrt <»aM- above all. hrtnginir to hif leak a tn«*f f»oetical anite and Aill. haa nrv 
dured a T*r*ton of the 'Odf^ry * much imw* pleaHmr of Hmm hitherto i^iwiiMed, and wblch u de- 
Itghtfhl to r«ad.**-Fru/fwor A maid on t^anAoUng itvm^rr. 



^WILLIAM BLACKWOOD AND SONS. 

POfCAfS AXO TPAXMLAT/OXS 

Ily Pinrjl* HT.WHOPK WORSLICY, M.A., StboUr of Conmi ChrUtl 
oxiont bvo, &H. 

/'OAVI/.s*. 

Jly fSA. In fiuiall 4vo, 4ii M. 

POKTU'M. WOliKS ith' h. Af. . 1 / 0 //?. 

With Portrait. aii«l Mt'inotr by Tiioiiah Ailtr>. Becond Edition, 2 vo!«. 
Ir.'H*. hvo. I2i, 

LEt Tf^HES OX THE POETPAL LITER ATritK OF THE 

V.\<V UM.t' i n.\ irny. Hy J». M. MOIK(A). second Edition. fVap. 

hvii, 5 h. 

*' \ •{•-’. »**>im<**' /‘/ir'-wirV 

* Kv* 4 't. .!<- In ti* !««(« *(14 g* ii'rt/ui In (U crlil* Uni*.** itmj^ 

THE f Of'RSE OF TIME: A PoEAL 

liy ItolIKItT POI-LOK. .\,M Twenty lifih Edition. F. ap8%o, 3*. <;d. 

'**•/ >1 **11 Mii-l hxll -•r-l iin(.r4-K». f«!I j-f »,.4»!r* S-..1 gn\ h.r rimrA-piiin** l>»i* pr'^iu < * jx 

in* i4 a’l.* !•> Ill** r*;l*ll*iia i/f And llic ftul>llme Mnifiii'ltj of our rcIl^ri'Mi. ** • 

St 

.I.V /LLt’STRATEh E/HTIOX OF THE COURSE OF TIME. 
in Nv*i, tMuind in <‘lofh, rifhly k***. -i*** 

*' 'nirn* l>* -n in th** Knrli^N Unicuajr>*. < f «h** rU*» m »Mrh lh« •r^^ine cT Tlm« • 

lotnra, •r***-. tli*» *•« I*-* c niitar**.! l*. It. in t?#** |«rr-»»*nl in*i«in^ ihe ariMi' t«lriiu ut 

M "iia roarrii ('lAttK'*. TrNtiri. f ian* I•Al/<»<. Omi^ai. ai.*! have t*<c>ri ^mr^lojK*! In fii Inc 

• I •i**«ti>n to t!t> inltlimtir •*/ ihe iMicuAirr, l*> r«iUAlljr rnquUlte lIiu>Cr«UMi*, *11 of wLuh arr of ili* 
liin'lu 4 ( i i«% " 

POEMS AXh RAlH.At^S OF SORILLER, 

Ti.iiiMlnitni bv Sir EowAiin iitxwiiii Lvrros, Bart. Si^tM*nd 8vu, 

M.h. 0*1. 

ST STEPHEX\S; 

Or, H!uHir.ition4 of rarlinfii»»ntnr>' Onitor>'. A rt4»m. TompriVinp — Pyrn — 
Vani* -'S! raMiird — Halifax -Shaflfiibury — M John — Sir U. Walpole— t'ln*^ti-r • 
fifld - rirfi-r-l 'liathaiii — l*iU— Fox — U'lrki*— ShiToian— WinK-rfon i - 
Wyiidh nil —I 'oii'A ly — t’a«tlh‘n\a}rh — Willi.Hiii l./iiiib ( Ix»r<l MflB'’inieb“Tn‘r* 
ii,.y — l/ii<l (;r<*y — * »*< *oriin*ll — Pluukrtt— Slutd — Follell — Macaulay — Peel. 
SiM oijd Edition, i'ntwn ^vo, &!*. 

LEoEXfiS, LTRICS, AXP OTHER POEMS, 

Hy H. SIM.MOXS. Koiip , 7», Al. 

SIR WILLIAM (pKlCHTOX-^ATHELWOLn--nriDOXE : 

Dramas by Wil«LI.\M S.MITH, Authors^ • Thoriidalc,' Ac. 32mt\ tkL 

THE RIRTHIkW, AXO OTHER POEMS, 

Ily Miw SUU'rilKY. Second Etlition* M. 

/LLCSTRAT/OXS OF THE LYRIC POETRY AXD MUSIC 
OF Si'OTI,AS[*. Hy WILLIAM STKXIIorSK, oripnally compiled to 
jici'oiiipany the * Scuts Muhit'al Mti.Heum,' and m»w publiimiM iie|Miritely. with 
Adiiitional Ntdi's and Illit.stratitmii. 7i». (hI. 

PROFESSOR WILSOX\S POEMS. 

t'oiitaiiiiiu the * i»le of Pabtis.* the H'tty of the rUgue/ * Unlmore,* and 
other I'oeiiiH. Complete HaliUon, Crown Hvo, 4a. ^ 

POEMS AXD soxas. 

Ily DAVID WINdArR Sorond Eilition. Fcap. &«. 

" W« arv 4rllclilr4 lo wrli'ninr Info tht* hnslirrin..! <*r r««l m f •unlrxmtm ef H e wHL M»4 

tvr** wifi (t» fiw itf rcioirr ihe n*Mchrr Ii*>r4t>r » cImAc illalrd in uur UixnnMuru.** .f«As itv.'L 



10 BOOKS PUBLISHED BY 

* I 

THE PHYSICAL ATLAS OF XATFRAL PHEXOMEXA, 

By ALEXANDER KEITH JOIINSTOX, F.RS.K, *e.. CJt‘o;rnii>hrr to tlid 
Que<*n for Scotland. A New and Ktilarged Edition, coiiHiHtiii): of 35 Folio 
Plates, and 27 smaller ones, nrinted in Colours, with 135 }>ii^esuf Letter}ux‘.'«H, 
and Index. Imperial folio, iiatf-bouiul moriKn'o. £8, 3a. 

** A perfect ireMurv ofveiupnrMcU Jvkt% U*rweM, 

THE PHYSICAL ATLAS, 

By ALEXANDER KEITH JOHN.STt>.V. F RS K. Ac. Redncwl fioni lli.‘ 
Imperial Folio. This lulilion cont.niiui Twciity-hvr iiicliitliiij; a Pahcoii 

tological ami GeoliY^cal Map of the British Islands, sith l)c.senpt)ve l^^ttcr 
press, and a very copious Index. In imperial 4to, bair iHiuiid inonicro, 
£2, 12s. Od. 

** Rv^utctl vith reniArkeble car*. an4 O a« arcuratc. eri.! f>vr alt ctfucellonal piiipoart, lu rnluel'lr. m 
the splenitid targe work tbx the Mtcii* author) whuUUta* now a Kuropceii re)*uuUon.^ Acirdw nettoi. 

*1 OEOLOOKAL MAP OF ECEOPE, 

By S(R R I. MmCHlSON. DCL.. F.RS.. Ac. Diri'ctor of the 
Geoloj'ical Survey of (Invit BiiUin and Ireland; ntui J.AMKS NU’OIi, 
F.RS R, F.G S Pr^dessor of Natural Histoiy in the Vnivcrsity of AU'i-decn 
Constructed by A I fix Asnr.R Kkith Jomnsto.s, F US F... Ac/ Four SluM*ts 
impe’-ial, beautifully prinlc.l tu Cohvurs. In Slieets, £3, 3s ; in a (.doth Casr, 
4to. £.3, IOh. 

UEOLOnWAL AXD PAL.EOXTOLOUjiAL MAP OF THE 
BRITISH ISl.AypS, iiieludin^ rubles of tin* Fnssds of the ditfenMit Kpoehs, 
Ae. Ac., fpun the Sketehes aihl Votes of Prtife.ssor Ki>WaHD FoiiliKa. Willi 
Illustrative and Explanatory LetU*rpre'»s. 21 s. 

GEOLOairM MAP OF srOTLAXlK 

By JAMES NK.’OL, F K S F. , A*’ , Professor of Nfitiiml Illntory in the Cm 
versUyof Alx'rd*‘er). With Evplaiuitory Notes The Topography by An \ 
ANDKR Kkith Johnston, F RS E, Ac. Si ah*. 10 miles Ui an* Ineh in 
Cloth Case, 2N, 

IXTRODn TORY TEXT-ROOK OF PilVSirAL OKOORAPIIY, 
By DAVID PAGE, F.RS E,, Ac. M’lth IlliiHtnttions aiidalilussarial Index 
CrowTi 8 VO, 2s. 

IXTIiODUCTORY TEXT-ROOK OF OEi}Lt)OY. 

By D.VVID PA(iE, F. K S !•*., F <1 S With Eni^ntviiij^H on Wood and (llos- 
sarial Index. Seventh Rlil^on, 2.s, 

“ n ha* not l»-*n our ffwxl fortun/* lo rxeatlno a Ihx;Ii on •rwnr« «f which w* couhl exporw 
an opinion to eiitlrrlj farouraht* a* «c are cnabi* U t» <lo ut .Mr I'age’* ttulfl work.."-' .4l/*rncruMi. 

AhVAXPRI} TEXT ROOK OF OEOLOOY, 

Descriptive and Iridnstrial By DAVID PAGE. F H S E , F.G S. Witli 
Engravings and Glossiiry of Hbieiitiflc Terms. Fouith Ivlitioii, ie\iHed uml 
enlargcil, 7«, (Jd. 

*• It ii therefore with unfr'cned pleamire that w* rreor4 wir ap|>r««:!atlon ofhO * AdranrM Text.Hof^h 
of Genlowy* Wrhiive rarefiilij r*‘a4 ihii trulf vtiOractory aivt «l)> n«.t Ik-aIuO' i<* nay that it i* an 

excellent compendium of ih*- gr^at facu of lieulogy, and wriilan In a irutliful and phtlotuphlc tplnt ” 
td^nbuf^ |*Aib>«/>p)itrai J^nroaL 

I/AXDROOK OF OEOLOGIPAL TERMS, OEOLOaY, AXD 
PIIYSirAL nhfXJRAPHY. By DAVID PAGE, F.US.E F.<i S. Seeorid 
Ivlition, crown .Svo, 7s. 

THE PAST AXD PRESEXT LIFE OF THE OLORE : 

Be*ng a Sktdch in Outline of the W'urld’s LIfe-Hystem By DAVID PAGE, 
F.RS. K-,-F.G S. Crown 8vo, *J«. W'llh Fifty liluatralioiui, drawn and 
engraved expressly for this Work. 

"Mr Page, whnaa admirable text-lKiokx of grolotr hare alread/ aecurrd him a potillnn of Importanre in 
the Ktcntifle world, will add eonaiderabljr t<> hi4 rroutafion by the Mwieni afceteh, ai he (rrtne 

it. of the Llfb-Syttem, or gradoal evofailon of the vitality of uur gloiHt In no B>anual that we arr aware 
of have the fiaetii and phenomena of bkilogy been preaenunl In ai onee m nytiematlK* and twrclnct a fhrm, 
the meeemive manifeaiaiione of life on the eggth «et forth in rlear an order, or irafod lo vlvidl/ fruni 
the «ariie«f omaaiMiu deep hurled In He Mraiifled cnaet. to llie ramllJar forme that imw adorn and people 
iu «urfhce.'*~Zd«rtiry 
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TUh: OKOLOaiCAL EXAMiXATOR: 

A f>f (^tiriition» adftplMl Ui ihf! IntrrMlfirtnrY «iid Advjiiif'H 

'IVxt l<4M>kN of |'rf|>iirHd ti> auMhI T«urh^r« iti framuix thifir 

fiittoii.i, ami Ktu<l4‘iiU in thoir own PrtHgtf^m mtd IVoftciem-v liv 

UAVIU TAiU:. F.K« K, F.U.il Tliini KdBlon, ]«. > 


77/ E (SEO/sOur or PEXXSYLVAXiA : 

A fitivfiiiinnit Sur\i-y ; with a /ft'tmrul View uf Ih** Oeolofjy of the I’nitM 
St.iifM, K>»su,\h (4ii fill' rt.al Komiatioii nn«l its FtiShiU, amt a «.| 

Hm* foal Ki»-UIho| Noitli Aiiifrn^’t and Orc'At llriUiit lly riioy».«»Mou lIKNIiV 
hAllWIN HoifKIlS, F. li S., K.O.S . Pn>frAft<»r «‘f Natiirnt HistiirT in th** 
I'liivtTsiiy uf <iUtJH;fo\v. With He%'cci larx#- and nuiiiei'otia Illustrations 

fiiifrav**d III! i'o|i|»er am! ou Wood, lu 3 vola. roval 4to, JC-S, bA 


S/;.I.A//JE STrpJES AT IhUlArOMHE, TES/tY, TJH: 
St II l.y !srj:<, AM> JI.HSKY HyUKoROF: IIKNUV LKU»* 1 

lvltti«>n. CiMWii bvu, with Itltmtniiitfua, and a Utoanar^ur Technical Tenns. 
Os. Od. 

I7/YSloLO(lY OF ('OMMoy IJFE, 

!!> (iMoltijM IIKNItV LKWI^, Author 4>f ‘ Sea-tide Stiidie*,* Ar. Hint- 
tinted with niiincrfui.s Kiij;ravin^s. 2 voN , 


rHKM/STitY OF rOMMOX LIFE. 

I»v PtioKtHsoit ,1. h\ W J«»HNSTOX A New F>l»tion. Mitcd by O If 
With ll.'l lliustratioiia on \\’«^.d, mid a C<i)>i4ttia Index. 2 %o’h 

I lowii a\o, lis. »m1. 


Xf>.\fEXrf.ATf7:E OF rOLOfWIs^, 

Apidic.ihl** til the Alt* and N.iliitnl Si ience*!i, to M^nifaidnrea, and oth'^r 
l*ur|H.He.H of tJvnerd I'tdity lly IK II. II AV, F.li.S.H 22^ Exainidea of 
Cohnira, liuca, Tints, and Sliades. da. 


XA/fRAT/VE OF TUE EARL OF ELOfX'S .VAOVO.V Tn 
VIUSA ASH JAPAS Ilv I.AUUKNi;K OLI PH AN I, Private retao' 
to hold lihistrateil with niiiitenma Kn^ni\in;r* in Phroiiio-Lithtvjjra- 

l»hy. and Kiivtrav iiij^ oil W’immI. from Uttginal Drawiiiirs and Phot*- 

^laphs. >eroiid Kdtttoii In *J vols. 21* 

•* rii" III tthuh Mr Oli|>b»iit h«» rrUir^l thiiM- ll•llMC1»onw will Iw rrwii wUh lAi^Wrenavu Ini'- 

» ikna ii*'*. r»c iw rvtiftiit a |M.rn»«i«cui |*l«c« lu ih« liicrAr> «ad hlatorival muiaU of pur ume." 

r lU'if /« /iri-iru'. 

/IFSS/A.y SHORES OF THE RLAOK SEA 

111 tin* Aiitiiiiiii of IS yj With a Voyaj^e doSn the Volga and a Tour thrnn}:h 
the t ’oiintrv of th** l»on Oosaarka. lly LAt'HKNCK « >1.1 PH ANT. Esi^ 
Mvo, with Map and other llhiatratioiia Ftmrtli Elition, 14a. 

EOYPT, THE snr PAX. AXP CEXTRAL AFRICA: 

With Fx]ili>r:itioiiH from Kh.artoum on the While Nile to tli»* Kivif^na of the 
Kiiiifilor. lly JOHN PF/niKIHflv. F.H.U.S., Her BnUnnio Miv}esly’a Con- 
mil for the Soudan. In Svo, with a Ma}v Ida. 

XOTES O.V XORTH AMERICA: 

A^ririiltiiral. Economical, and Social. By Pnoncmoit J. F. W. JOHNSTON. 
2 Vida post Hvo, 2lN 

** rn«r<‘««>r *<>liu«ti>ii‘a •iltnlniM* y<iw«. . . . Ttia ver? bMt manval fttr inWttlimii cmterAnti, whU«c 
t» ill** HniUh AirrlruUurm kii-I CTurpkt rrAa<*T It » inwiw c«m|«l4S* nmccpiiiMi wteli« pmi ^ { 

thi-K? |»r««|Nrn>uii irf luiu Uwii All ihAl hmi lilthcito bMii wrUlciv” tt. n«ih« 0 C. 

A FAMILY TOUR HOrxn THE COASTS OF SPA IX AXP 
during thn Winter of By Lady DUNUAR, of North 

field. In bvo, &a. * 
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THE ROYAL ATLAS OF MOl^HRS aKWRAFHY, 

III s Sant'S of tf'ivlirvlv 4ii*l AufhrnUt* Ity A. KKITII 

J\)llN5?h>N. F U S K . V K li S., A'lUiur of ih.* * mI AiIah.' *»• U'lili 

a liuiox of fdj*) I** roii»prt'»i!»j5 uoatlj 

rU«v» routamvil hi Allawi. Ir.jM liaU iu ru»»iia oi ui*' 

roi-t'o, £o, I6,s. <ikl u lo H. r M.o« ) 

“ No ou« cari lotui thro^h Mr »«oih ooaaa«>i\‘» tw^ Ai!** aUlkvut Mr*ui« iUaI h » Ui« hmi ahkh 
«*tr 6«u p(tWi*4M4 Ui l*«* rVr 

" Of lit; nviiit ncMc i-nr^yirnl »‘|( Mr |MitI' 4 ttr«t tji M •'tt t & U«i« 

Ko>»t A<t: 4 « «f:U buc «'wr awful U' Om» iwiHi* . aiv 4 •ii» 4 e>#f »♦ Iv Iw Uk muM if'>| u-m ‘ ,i f* * 

** W*> itKTv no rtt^« of tu »|M whU-ik ^ic «.io» morr vArtitit Ihc *vi ut»«. ». »l*«rt ««r '*«*« 

a;c«npMO lo pat it i>o tb« trj*. it ntal'.* Mtoutali ug ** Avi ^ w 

''Th« cutmiruit'oit of aH tiirroia* !.> drpKi Otv U-*' «f thr v>!>rl«l In ibr r>o|«l JttlM, Uiaii 

which II ojuiiK-wi'oIv K>vvjntvi»« ar^thlnii Mtv. try li-r <W 

Thxi U, Wf nta the (MtM >pWtt4)J au 4 luturtuuK ftt kill lu iM« luwst uKful muA r<iu»|)ir(<\ 

of ail y tounic " ti Mairui.iJC 

'* Thriv hAS not, w« bwtirf r. protiuc**! fniHir u«r • britii of ma|M etinal in Itrauij «••<! 

cjiupUtrnciM to ihc i«o>al Aii*>^a»t twuM t»ji Mr \ K Jv-Umton ‘ i.< 

■* An alui.at ■Jit./ rrferwnvr to. u’ti .vnuiuiiw/a • ( ii wiih oilun*, s».>,o tl.r |•u^tl^«||t^'t »»f i|,r (Jr»i |•.'’rl 
M'di'C tw«i jrurtA^t until luNi. lo without lt>o i a tit.>ikaliL<it, ihtt iLu it l>jr Inr ii 

Bi'.»t !<!. *i;>i au'Jc.''‘tsiJ<. mut htu «rt t**-*!* luuM ■' s.-. '... < 

•’ bc/'o'i J aiuhe U« *to<rajWti ai wota of uur uaic. J/ntowin. 

/XLKX (f EO^iRA PUR TS: 

Ircicx u* u- nv <>\k Hrvniirit Avn Kifty Tnnr<»aNri Vamfs or 

I'l At F>. iti*. , \%tth t.c-.t l.vTITTltK^ niul l‘'St.«llMs an KiV«ll ill K I 1 1 It 
Jo-lNdT’'^ -i * UOVAI Ari,\H;‘ t*»3;vthvr \. Jh lli'^ litiSTI.IlH alPi 
SION^ \*v \ IIK CvifNTlltKn III buh thi'V ttn* MtUatfil. Ill I vtil. lan:«' f -I** 

A .VA’ir AfAP OF Ef noPFs, 

IJy A- KKlUl .bMlN.-luN, I.ILS.R ifUf, \ fo. i 'J in- lavs ly y 
lla.ht*s« Ci»jlb Luic, -l>. 

ATLAS OF S(i)TLAyD. 

M Maps «»( tiir i ^*uuti<.*s of Sootlnml, robmivtl. llountl in n>.m, pru elOH. 01 . 
bat b County in i\ bv i; tiJ in < lolli L’iim*. is 

KEITH jrU/XSroWS SrilOifL ATLASES: - 

GF.yKRAf. Avri f>^>v RipTivi: tin* Actnnl ami roiii- 

paratn" tif ail fin* f •M iiJin-’s in tio* Wt.iM, wiili tln-ir pn-si iit 

l*tililnal InM>n»!i». A N*nv ami Knlarj^otl K«hln»n Wiib a t'iiin|ilri«‘ 
Imli*x. •.'** M ijis. Half lioini'b l*-«. t'<b 

Physical Gfoouwhv, illn«tnitiim, in n S^iicn of fm^^inal IVhI^^tih, fbr 
Kl»*f:ientary K.iftn of (b'oln/y. Mi-ti*on»iii;:y, ami Nalniiil 

Ui*»tor>'. A N'-w ami F.nhirmsl f’ljition. 1*.^ M<aph, iin lmlim; roiitnn^i 
iftsilo^n'Al Map** tjf Liiiu|m- an<l of iJn* Jlritisb I.^b-M Hall bt.innl, 1 ‘Jh »«! 

CLtssifAr-GKoriRAPiiv. fornpri'^lnK, in Twenty three Plates, Mapa nml Plann 
t»f all the iiiiiMirtniit < 'luu.trms ainl l^iealities roferrotl tu by t ‘lassiral 
Authors ; ao^'oinnanioil by n pronoiim-in^C InH^’Xof Plaei-s, by 'I'. ilAKV^y, 
M.A. Oxon. A New an#l IteviMsl l*>litton. Hairisiintd, Il’h. titl. 

Astronomy. F/lited by J. II. Ilisn, K»aj., K.lt.A.S, Ar. Notes ami 
l>f.s'-njitive lA'tleqiresrt to eaoli Plate, eiiilioflyii)^ all recent Discoveries 
iji Astronomy. IM Maps. Half boumi, PJm. tiii. 

Rlkmentary Sc hool Ati.ar ok Gknkral and DEHriiiprivK Gkooraimiy 
for the Uf.e of Junior Classes, A Sv\\ nml f;heaiM*r l'>litiori. lit) Mups, 
inc'lmling a Map of Canaan ami Palestine. Ilnirisiurnl, .Os. 

** They MW Mtuprrior to all fkboul AiImot within our kiiowkdsr. at wore Ui« tarsor worta of the aame 
Author in a4ranc« of thoae Chat preceded them," - tidycfUtonul fimet. 

** Oectdedlj Che beat hchool Aclaww «a hare crer a»ii.'* - A'ny'<aA JuurfuU of KdiuftiOm. 

“ The beat, the ftjlictt. the most ar<>uraO> and rrrmt, at writ at artittically tha mutt bcauURil atlaa that 
can be put into**ieacboolboy'ahauda‘’<-JVuienfm, AprU IKS 

A MAXCAL OF MODERN OEOaRAPHY: 

Mathematie^h PfiyHiea. 1 , and Political. Einbraeing a complete Development 
of the River-Systems of the ti lolie. By the Rev. ALKX. M ACKAA’, Y. ILG.a 
With Index. Ts. 6 d., bounePiti l<;atber. 
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THK noOK OF TUK FARM. 

til** UtiwHini u( lUv Funner, F«rm'St<«wiir>l, inouirtimAfi, 8h«*nber<l, 
IttMl^Kr, < «tU(! iiiAtt. Kit'ltl wt>ri(fr. an*! ff*nuiuff m tutfif Monitor 

f»»r 111 i*ra4'tt»‘at A;;n<'Ultu^^ ll>* IIKNKY bTKI'HKNK, 

2 voIb. rn)Al Hvo, £,3, hjU)il»«iiit<*ly tioutMi iu clotli» iBith upwaitia of COO 
Illiutrati'^nN, 

*' Tlr« IvrH t»w>s I K«t« trrr tnci wHK**- pr»tfrtmnr JoKtuRn^ 

“A* tiAir lit thtw* I>ut Ut «!«# % fV»lt of thslr vmt^M sn't vstcisl *,« 

rr.|itcjiU «t *i!>t VI.* I»t>/ • ihkn e*n «l««uC« W IhsSr dtw usil<>rt tr- tbrrtfi.'r^ 

lit svitcrsl trriu«. c*i<iiin^n4 Ihvtn ft» «b« i:»r*ful scu4j of cvvrj luutm OkOit wbo wlalM* tu bovout* o C’^ol 
|<r*« ttcol fsftru<«-r ** I i»t«a 

** uu« of tb* troaiftstcM ■urki on SLifrlcultur* of «bUb sms can busss.'*»wl7r«««li«#w/ 


THE UnnK nr i-AHH IMPLEMEXTS AXh MAf NIXES. 

II) JAMI'JS SIJfiHT nii*l It RX. f’^litf*! by ilt.NttV brKMll.^‘A« 

K It H.K. \%Mh bTO Knf:ravirigH. Royal »>o, nnifurm with the 

* ibxik of the Ki'oiii/ half > 111111 , £;Z, 


THE IinnE OF FA EM liriLhlXnS: 

Tlii ir Arinii,:« n;i iif f oiiHtiii*-lo*ii IJ) HKXIlV STKPHKNS. F.R.SK, 
iiifi It x'urr nri:N J: >>:t! **\«>, Jo4'> IlluBlrulloUB. tmionn «;lh 

the * li<M «k t>f t hi- h'.irin.' llalf'lAi^uod, iCl, ll*i Cd. 


THE hnnK nF THE UAUhEX. 

liv t'llAltl.KS M‘1NIUSI1. in -J laiy»* voli. myal cii:1*<^lliAhc4 with 
\yy^ Kni;ia\ in^s. 

/,'ur/i y»4uiu€ mttjf V fitt i — i U . 

I. Alw'iii r # I'l I'KAi. AM» onN %Mf,STAi.. - f »n th** Fiirrnatlon of Gard^^fia — 
I'oi'.HtTUi'thin, Ifi’Attni^. an<l Vi-mjl.'it:* tt «*f Fniit an«! Plant Ib^uw*, 
rr.inp’H, aimI «iI|i»t fianiiMi Mrui turva, with rrartiral LHit>a)lt(. 
niu>liab-.| by 107 J Kii^ravinifA, pj*. 7< 0. £J., lOs. 

II. pRArTirAi. fiAitnliNivii. — Ifir***‘tiMfij« f.»r tli** Culinrr of the KjU‘h*'n 
i;rir'l*'n, tin* llanly frnit tf.ir*h‘n. The Fon'in*; an*l Fh*uer 

thinlfii, iie heliint Fruit an^l Phiiti ilouti***, with h * t I.iet** »>f Vi p*- 
t;*l»l«“*, Fruitt, Atnl PlaiitH. Pp. ttOS, with *.J7S> £1, ITh ikl. 

fio l Jutitflr*! in rcfvnttttsndnic Hr M*Iiit«sb*s two ssesUsut soluntcs to Uts n««acs of tin* {public.** 

^t irJet»rrs' < ‘An>»i«c\b‘, 

FHArTH'Ah SYSTEM OF FAHM linOKhEEP/XO: 

lli jii^' that rcL*( iirjii*inlr«| in th»» *fltH»k <‘I‘ the Farm* by II. Sti riii sr. HmvaI 
hvii, iJh. «*m|. vMhii, Sk\'kn I'oi.io A« I iu st IhHiKs, j rinioil an«l nileil ixi 
ni'i’onhinf‘f) with the Synti-m, the wh«»h* In-in^: N|H>oiaUy a*Ia|>ttol for k»*e]»injr, 
by All easy ai>«I n<*<'uralt‘ iu«‘tlMKl, .hi aiTuiiiil of all the tran.saotiiuia of the 
Farm A* «h*taih*»l PniMpootuH may 1*0 had from Uie l^ibljjshera. Vn^e of 
fh<* rofiijilete net iif Right lio<«kH» jCI, 4a. 64. AUo, Labovk Accolst ok 
1IIK HsI ATf, 2a. 6«l. 

Iirvltsiniti III Bsvltic thsi, ofth* msn.T naisms of k«>splnK fWrm scoounU vhub srs aow in 

Ituro la nut oils wlitch wtll bviw i«ini|>«riaon wUK ihis'*- iMf • Jrsssrw^sr. 


A/XSUES TIIEATISE OX LAXDSrHVKYIXH, 

A Now nml Kiilaiyied F.4lition. hMibNl by Wim.iam (Salbraith, M.A , 
F.R A.H. I Mil. bvo, w'lth n Voltinic uf Plates In Quarto, 21a. 

*'Th« iMkik nil «ur«<>7ii«| wiilk which I sm sc(|«t*inMil*'.>W. Ri’rMBnromo, LL.D., F ILA ft. 

M tilt try .itviUrmy, H'uufwacA. 

THE FOE ESTER: 

A PiRoiii-al Trrailae on the rianting. Heaiinfr, and Mana^m^t of Forest 
Trees. RyJ.AMKS URDWX, WwhI Manager b* the Earl or SeiuieM. Third 
Fklitioii, greatly enlarged, with numerous Engravings on Wood. Royal 8vo, 
SOs. 

•* Brjnitil sll ilouhl this Is ths host wort «ifi ths swbjsrt of FnrswftT ♦Bisbl’*— Ownlmrrt* Jiiwnaat 
** Ths uiosl ttssfUl guilts to food srhortculturs In shs BagUsh aingUBgu**— IJsrsIsasn* ChtUMsis 
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aAXDDOOK OF TIIK 'mFCUAMVA L A UTS, 

iVttovrttra lit llw wi Arwiin;tmtJUl wf Uwriiim aikI otb«*r 

BuiUlin^ ; lucludm^ t Ari'^^.iUry* ^«»Uh tiwrk. ln>it>rs»itiUi|{. Urick iiuikuw. 
Coluiuuft^ CVia«*at», WrU 4L*i’. iiv 

K. 6COTr lit* UN Crv**i3 %kiUt Cm, (kl. 

PHOFKS.iOH JOiiSSTnX S H ##/eA\S:— 

t\Pk.K}Ml.NT\l A*;KI‘ t 111 «t. Wv^iXi tilt* of I'Ajlt, Alxl SU|5(^*»IU»I14 

Fmurv. r'tm‘iii.4 in J*4*U'nisli.‘ Aj:rs*'«liurr •»*. 

Ku:M>sr:< or A,kkiltvk\l CiuuiaIuv aMi Kl^'hlh l^Ulivn, 

t»H. «kl 

A i‘%rn'fll'41| or Ar.lUk Vl Tl'HAl. rHFMlHTHY ANU lak:ol«»GY. Ki(t>* HtWIllh 

(Aliiioii. by lir V««eLi KHit S. 

On Tiir. I'vi: or Livr is A<.hwvi.irur, tK 

iNSTlMi lloNS lOK Tin: A\AlYa»IS oK I'ourth KilitUUl, ‘X 

TIIF RFLATIVF VALFF OF RinWH .t.V/> ll'.V UMltFR. 
Mii'Wu by jjuAjjs of l','ibV> Atnl Uy JAMK^5 U«\IT, I-Aud SUwaid 

at iSnAlltt Ho}al S\o, !^. Italf-Umitil. 

Ti(F OF AoRlorLTFRAF FArTS, 

.01*1 Kditid by H S ^irr Ui kn. Fimj*. l>\o, im f:u*h. 1S<51 an*l 

WJJ, 4> ciu'h 

KlK/XoriKV S sysTF}f OF ORAry/Xfi: 

A ?*).'»*>* fiJAiir Tr»*AU<o* «>ti tin* T:i<*on an<l Fro to ol (iniiinn;; Ijiih!, ndaptrd 

t»> tlo' \ trioUH Siiuat’oTi'* and S*iN of Kii^daiid and S< oiIat.«l,^livi»i» uj* {i«>i.t 

Ui< Cl•lin:iUUi^atu»n^ of JuM'idt Klkiii^ztou, Jumshiom--. 4lo, lOti »4 

JOrnXAL OF AOlUrVlTniK, ASh rnASSAt'Th^SS OF 

Tin: ni>AiLASl> ASI> AtllllrnTniM SurihTY ny .^<0 / \ 

(>f,I> Skkibs, IS-.N* to ‘il Vida. . . itA :5 0 

Nf.w iStuitia, to IHil, b vol.4. . U ‘J u 

THE RVHAL KriiyoMY OF EXoLASh. srnTl.AXh. AXli 

IlihLAyi*. IJy LKnNrK I»K I.AVKIMiNI-^ Tiaiialutt d from llu: Firin li. 
With Nnti s by a >ioiti'.h Kariii*'r. In *<vo, l‘js 

" < f ch<; U.«c oi. in« phitos^ yhy ofAirnculturv Mid uf »fricuUur»I {>utlt|i aI «• •aiuui^ Ot*i i<M 

DAIHY MAXAOEMEXT AXh FEElilXU OF MllMl f'fMr.s'; 

th«* r»''ord**d Kx|H‘r.»^H'.*e of Mi«i AGNK8 SCOIT, Wiiikatoii, IVtd»l»-s, 
Iviitbiti. Fcai* , la. 

/ r. i LiA X in mo A riox 

A Ftoi.<irl aiIdr*MM*d to th#» lion Ihf Omrt of DirrctorK of tin* F^iat Iinlia 
Company, on tin* Ak'rt«'ulturul Canala of Firdinont and lafrnbatdy ; witli a 
.Sk»>tch of th»* Irrigation of Norttn’m and (Viitral India. Hy I.iKtT.- 

IJAIKD C.B. tM^cond iF>lition. 2 vuls. 8>o. with Allan in 

folio, SVH, 

THE ARCIIITECTUnE OF THE FARM: 

A Sorii's of for Fanii lloiiHfH, Fanii St^arllnfira, Fartom* lIoiiHfH. and 

ily JOHN HTAIiFOHTIi, ArchiUct. hixty<two Kngravinga. In 
inefiiurii 4to, SL% 2a. 

“ Oii« of uKM uarful and b««atifnt additlonii to Xcttrt Black viXHl't extcnilvo ftad Vftlu»ble librwj 
cfagricttltund end rarel tcotiofuj." -Morntfig 

TUB YBSTER DEEP LASIhOVLTURE: 

Being a Betaib^d Arrriunt of the Methoii of Cultivation whirh liaa been auc- 
ceaafullv nrar tised for aevcral yeara by the MarquowH of TwecMldale at Yeatcr. 
By HENRY STEFIIKXH, t'jui . F R H.E , Author of the * Book of the Fann.* 
In aiuail 8vo, with Engravi^ on Wood, 4s. (Id. 



WILUAM BLACKWOOD AND BOMB. * 15 

A MASVAh OF FHACnCAL Dh/lVLVO* 

My IIKNUY tf.UM.H., AuttMir or llw ‘Book of Um Fwiu. 

Tti(nl KultUfiti^ &». 

A rATKrtlfSM OF PRAmCAL AOHlrVLTCRE. 

Ily ULNUY M KniKNS. K U HAl , Auilior uf iha * of tbe Fanit»* Ire. 
Ill cniivii hvu^ With llUutt«tioiMi« U. 

HAS or HOOK OS PHOPKHTr LAW. , 

U> Un\i» M' IJ oNAltDM TIm* Ktlititin. To whT<*h hi ikiw inhW 

n nil tti«« N<>w Iawb ftir oUtauuiig an lu4<'fcajiihl« Title. With a Vm 

trail t>( tlu; Author, «ui(niv<‘(| by Hot.!. 3ii (>1 

•* lic^ t»t»M iam*’ ••r** u» *m» u« •nil lb* oMlnAry i^auihm** I* whirh •• bI)««i 14 mtUkMl in **ll- 
ti.A n« iiitiiBiitjC. InioitM ftu.| c*i«i««L W* Itift/ntunl i.f uur towur 

i b. » i»f • *it>l «.»iriirvtt Aiul ut ‘.ur m» tr\in««-* nr In A littl* I«ml 4 lur tb* 

» |. .. k «hl.h lit# *utb->r i*-itl«r» Lu Um pr^Juttum ktH/w# n* c « rit 'br^lltuf a lev 

b< ar» itt A TAilwAj (ArtiiM(«> i'likM* 

rilK PLASTKirs orihK. 

Ity Sill lU'.N HY *S I KUAItT. A >Vw* KAlitiott. n\;th the Autlxir*!! liAt ATtlitwiis 
Aii'l i orKM-tuiiiH. hvti. with Kugravifi^» 

.sr.i/;/.f; Aro.vo.i/r. 

A IriMliM- nil lh«* nf UorsfH I5y J<iHN STKWAKT, V.S. 

S'M'iitli K«btioii, tin *>1 

’* W i<l «ip U) Aill lu |•U’4tlwf« M A •LMnlAT^ «wrB ll»* tUAUA^ttbetlt frf bvTVeA**- JtilHt 

I 1.r*M 

AinWf'F TO Pl fir/rtsERS OF i/ORSFS. 

H> JOHN .Sl KWAUr, V S. iMuo, i*litrA. lU 

A PltArTP AL THKATfSK OX THE rf LTIVATJOX OF THE 
(iUAVK i tSi: Hy Wn.MAM THo3l.s<»N, iixt^Uu^r l«* Ilia iirar^ tlw* 
Ihikf of IJm i‘l*‘ii‘*h, lialki'iili Park. Fifth l'>iith»n. Mu. frA 

“ W’liMt ^•«.lk««mJr«r«Jf «niitri itiiio rnttarkbUoiiU/, ihrj at* Alike livvM'UTAtkle to U»«<r AolliOf 

AIkI r»ittJkhi« l»» III** ' ’*< i tynbry'# Uafxirturrt* t "hritHifi* 

'* W'aiiI «>f >{«»•' i.rovritl* uk Buittjie rklntA*. Ami «« muU nvtK Imi* l>y Ibal u fit* 

nutln r n nne «>f «|4« %*r* l« ♦» Afki**- yrwwrrt nf ih« .Ui, iht* l>*^4 wia^ I>* rtAS'*! a* liritiir t>M k»l to hu 

iii< C'-'VifV.il |*rA' (itc. All i Ak tij' ti I'Ari «|th rotiavlciive re<vuim*'i»'’i It Ak itiUupctkMilrie to Ail aIm •*•») 

Iv f Acy-l 111 me cuitli AU«*it of the »Uie *' i f»# / omiJ 

THE fUEMiSTEY OF VEOETARLE AXi) AXf.MAL PHYSL 

OlJftiV Hy Du .f ii Mri.DKIl, IToffSLsur nf t'hi-iiii.siry in the L*i»iv«»r!»r.y 
of rtn*i*lit. Witli an liitrtMluetioii aiui Nt»t»'a by PrufcAoiir JuUNatuN. -'J 
Platk’M. M'u, wO^. 

THE .\fOOE AXh THE LCH^H. 

i'uiitaiinii^' Miiitito liistriK'tiuiia in all ingtihimi Sporta, with Waiuleringa 
fivrr aiul i’unvi, FIuiaI niul FrII. Hy JOHN COlAjirilOUN, £aq. 

Ttiinl F.ilitii»n. ^\o, wtUi Illti>tnttiuii.s PJh. iVl. 

SALMOaV rASTS AXO STRAY Si/OTa^ : 

Ht’iiit; Fly l^’avoH Iruni tin* Xnfe-Hot»k of JtHIN Ct>rAjl>HOUN, Eaq.^ 
.\iithor of *Thti Moor .mill the Ivueli,’ A’«\ ScH'unti Edition. Foap. !<vo, 5s. 

rOQFET DALE FfSlUXO a<OXaS. 

Now tinit eolleetcnl by a North>Cuuntry Angler, with tbs Music of the Airs. 
8VO, 5 m. 

THE A XO LEFTS C0MPAX10X TO THE RIVERS A LOCHS 
OF sroTlASD. Hy T. T. STODDAllT. Willi Map of the Fishing Sifeams 
and l^ikea of Scotland. Second Kdition. Crown 8vo, Ss tkl. 

’* IfiitnpptuMlile In Ait time to eume, A« Ui« verj tCrBiiwth And arAre of An AnalerV CAeSle And BqutpMWl 
In Ik'vttAuil, okukt Aiid will l>« SroDikAar'B Ai«ttMUi*B OoBirAyiy.*^ Btm€k W9» d* A Mmtfamkmm. 



1(5 BOOKS PUBLISHED BY 

‘ I 

RELIfilOX IS COMMOS UFK: 

A St'citiow tti i I-, ivt^vWr 11, liLV*. flor 

tlw Hii«l l*rinvv Alr^rt. Uy ihr JOHN r \IUI». 1» l» |*itMiAtt«'tl 

by Her C\*iu:tuu*l Uk^uuU lu M. i hc'a)» Irxliliuu, iki. 

SERMOSS. 

Hy U«v. Ji^HN XlliH. l> I> , IbvuMty in th*' riiiwr^ny **? 

UUHjjviw, anJ \*«e Mf H- r :* i htH'i.im* b r S tiibun! In i n ns .>, 

Tlii^ Kdttioti inv‘!uslvH tht* >«’rn4t'n*i*!i * lUlun^n tn Ci’iutiiitii Lit**.* hfii 

in Crathif iliuioh, Os.‘L Wfs*i\s Her Majesty the U'k'eii atul tin* lute 

IMiioe Couj>»»it. 

** TK'ry ar« «ir^ftn<MVf; uvl v« «jhe » ( »u*^ l^at «Kitl %nh ruUi««tc*t r*««trr ihtj vi'.l ir»srt 

'^ch^r \nAn tihttf 4-t r. a<t, t<-^>4 hi*»rst Thrrv ^ tNouftUsfi 'U' •» AUtI llx'Ut «h' ti »fi 

h.»>nUi tMf ;'»(•*> I . Uu-UM aS Mmr . *«^>t l»irTV' »i-r m nMii> .'A^iletura ■*,» tc tii 

txu^'v eiiMTinwptl :hAS a : humrwl tt\ux ibrlit i>;i Ar«|»i4 «|w«ikfr. •tlKi.ui 

Ait0«c<4 lo Ui#tA a JC«,Vi»J ttUK i 1 

TUK HOOK or Jon. 

Hv the iuN- Kkv TiVloHOK I'lb'H.Y. I.KD , rte.-tur <»f St Slejsheii'*, Vl'albn>'»k, 
With A ilvu.' ii ul the Autlu*r h\ Iu-h >on tvap 4 m. 

LKCTIRES IS hi VI SI TV 

By the Lit- K.v. t.KciKiif, lilLL. T».H. Tr.ne.jMl t‘f Si Man's <'..lh,.v, m 

Atnlrt'sss. ji- -l K*! t nfu I4s 

"t «iu IK.« aur-j if I <»« n?' .<rum<^i4 a as^'iv t /ttiJ'Lic o^asuial af hiiiiiltf * />r i'KiXtm<r9 

THE MOTHERS LEOAriE ro HER rSEoRSE rlULhE, 

By Mks i:U/-\BLlll JOt'lhINJ:. Lthlcii Iv ih. \iiy lies. Biiinipa! 

Lek, .viiiiM. twl. 

•* ThiO.^A*..«i'a* 4 ♦ It •** ** 

•* A litiuUltut luouuuittit wl 5b« ( icij *1*4 bi^U (vt uti^: ♦ f a Ir iJj n»M»* m< i‘ir r ' V ^rnxnj ,4 thr-t er 


ASALYSfS ASh rniTlCAL I STEIlRRETA TIOS OF THE 
nVJMlKW TKXr ny THE lift'tK t;F\Esi< Bn r.ihiM.v a H.liett 
Oniintnur, aiel l)issertatwiii’* fiij the tienujneni'.ss nt th** lVii!.it(<iii*h, ami on 
the Stni-’tiire .if the Hebrew By thu Utv. WILIJAM i'AUL, 

A.M. b'.o, 


PRAYERS FOR SOrfAR ASh FA MIRY WORSHIP. 

Preji'ire.l >>y a t'liMst! i rn: mF the (ik.sekm. A't.sFMhf.v «»f tiik t'lH'Rrn of 
S<;. irttAN*i», ari'l 'peeially .lesi^rneil ft»r the n%«‘ of Sfiltin-i's. SailnM, CnloTiisls, 
Sojourners in I»«ha, an<l other IVrHona, at Ilnitieor Abrn.'i.l, who an- 
of the Oplinary tSersir.-s of a ChiiMt:.’iii Miiimiry VuhUfhul hjf Authuiiltf oj 
the Commute^.. Thini h>htton. Izi erown 8vo, iifiumJ in rloUi, -Is. 

PRAYERS FOR SOCIAL K\Xh FAMILY WORSHIP. 

Being a Cheaji K<lition of the aliove Kcaj>. >i\o, la. tkl. 

THE CHRISTIAS LIFE, 

In its Origin. Pr*vr» ss, ami Perfection. By the Vkiiy Hev. K B BAMSAY, 
LL.D., F.ILS.K., Bean of the BiorcHf of I’lilinburgh. Crown Hvo. as? 

THEISM: THE WITSESS OF REASOS ASH SATFRE TO 
AH ALL-WISB AMj HBSBFTCEST VllFAmn By tho Rkv, JOHN 
TULL<K*H, r> I)., Principal a?i«l PnjfesJMir of Theology, St Mary'h College, St 
Andre wa ; and one of Her MiO<i»ty*s Chaplaimi in Oniinary in Scotland. In 
1 vol. 8vo, 10a. 8d. 

OS THE*'oRIOIS ASh COSSECTIOS OF THE GOSPELS 
OF MATTHEW, MARK, ASD LUKE: With SynonalHof Pnrallfl PaHaagea. 
and enthral Note*. By JAMKS SMITH, Kan. of JonlanhIII, KIL8., Authoi 
of the * Voyage and Shipwre^^ of 8 t PaoL’ Medium 8 vo, 16 a. 
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tK.HTlTVTRfi OF META PHYSIC; THE THEORY OP KHOW^ 

/?JK “7 JAMBS V. KEBBIKR. A.B. Qeob^ Pntemar of 

M»r»t mhI l*oUUad EcooMsy, St Andivira. BteciM BdlUiia. 

C^towo lOm. fkt 




I.ErTCREH OH METAPHYSICS. 

Iljr Hir WnxiAN HAMILTON, Bart, Proflmorof iMleaiMl MeUpbniea 
BIlnbufA EdltMl I^Um IUt. hTl. Makwo, ai>.. 
LUtJ.. Hsvnilfta I^fewtw uf Jlonl mhI M^physteid Philomidir. Oxford ; 
Afiil Jonif VkiTciij M.A.« lProf€ii<M>r oi^tyiglc, BlicloiiCf kod MkUiplijcicta lit 
Aii<lrc«rg, Third Kdltion. 3 vols. 8vo» 24t» 


LKCTURES oy LOOia 

ny 8tR WILLIAM HAMILTON, Bart 
Vem^H. in 2 voU., 348. 


BdiUd bj ProfcnMni MAimit and 


Til onX DALE: Oft, THE COXFIKT OF OPiyfOSE 

By WILLIAM AMITil, AuUior of * A DbixmiM on Kaac«,**<r. BmxmmI Edi- 
tion. Crown 8vu, 108. Od. 

** the MibJfTU ir««l«4 ot Mn4 ilk« sljt*- Mlwafv dMirt* »«»4 IwM^tfSkl. «IWn atlrMtlvrty 
ihs'jr «rt ctcitlk«4. will <io« mil to srcMrs cli« milmiUmk of Um rlAsi fbr vHooi cIm w««1i Is vrtum. 

. . . . It diOs wltJs m»nf tff tiMiMs ktifcsr !>»»— tiT sys^wlMMoM caMS rtMriMtc af Uw cw l t l— m i mitwis or 
ilM •cs.**-.VoH» AnfM JtrHmn. 

GltAVEyi/UJtST; OR, TUOVQttTH ON GOOD AND EVIL. 

jly WILLIAM 8MIT1L Author of ‘TliormUla/ Ac. In crown 8ro, To. OdL 

** OfM orthns* rsre bwiks bsitic ftlM wtOi nobto mi 4 bmurtMIU U mb wH Ir dw ww ms ammmsw 

ftti4 UioMftitlul psruMsL** - ITMlaUMCsr hrmm. 

A Pl.'iCOUR.^E O.V ETHICS OF THE SCHOOL OP PALEY. 

By WILLIAM SMITH, Avtbnr nf ‘ThonuIxlR’ 6^0, 4«. 

O.V THE IXF/MEXCE EXERTED BY THE MtXD OVER 
THE BODY, in the Production and Removal of Morbkl and Anomaloua 
Conditiona of the Animal Economy. By JOHN GLEN, M.A. Crown Svo, 
3a. Od. 


DESCARTES ON THE METHOD OF RIGHTLY CONDUCT- 
ISO THE DEASOS, and Seeking Tnith In the Sefieneea. Traaalated firom 
the French. 13nio, 3ii, * 

DESCA RTES^ MEDITA TIOXS, AND SELECTIONS FROM HIS 

PHISCIPLKS OK PUILOSOPHY. TiunalOed Bom the Latin, limo, Sa. 


SPKCVLATIVE PHILOSOPHY: 

An l.sTRoniHTToRY Lkctork delivered at the Opening of the Claaa of I^e 
and Rhetoric in the University of Olaagow, Nov. 1, By JOHN 

VElWDH, M.A., Profeaaor of Logic and Metorio in the Unh’erally of Olaa* 
gow. la. 

CORNELIUS ODOWD UPON A AiJ irOAT^J^ 

OTHER TIilSOS IN GENERAL, Originally publiahed In * Blackwood a 
Magazine.* S vola. crown 8vo, Sla. Od. 


ailtum of hU OM>ow4nif« ollow us %o a<ni«t ih* mpis uudsmsoU 

mtM* ssniML Mtil oiMvrvMiii sglrlts of t|is prMitil M wio. — lIrsSia 

•• In tniiH ons of iho owa ddigbtait toImms of eofMMi mtateoMCO R Rm i 




r liAa ««r fenaao 


to psfuss.**— Otobs. 


l8 


AfisS^S Ut^CKWOOD ^ 


TBE BI8T0BT OF BOOTLAID, 

raOM AORIGOLAH INVASION TO TUB IIRVOI.UTIOH OF tAM. 
Br JOBN UlU. BURTON. Tote«MNn|>t«U)>ttak««uU.aemy«v«. VoU. 
I. to IV., piie* g^s. 


’•1%* hm I 


**Om «# ikBCVI 
** X«« BiAlif ! 

•* A 

* W« 4 *MAI 


mai liMft hM FM hmm vtHM* bC tkt hbUmmU IlfB mi 4 «r i < rtU ii 4 

Bpt U B* I 4 l te ir 4 <i Ult ♦WBR'R »f Mkf MMUllrf.** -4 nI«w 4 hIV 

bm« viMikfArt# Mwl tklsuMrr AboMbhiA nb vrtMNNB, )mi M vill narii 

««r%« «4 ««r H{«hP-->lHi4l!f 


** Cat gnuiAt «t MW Avvaom***- A rrtM Am £Wm ift mIcb. 
** fWu UftM 


OOUHT MOHTALEICBEBT'S HI8T0BT OF THE MOHBS 

OF THE WGin*. 5 toIa S%*o. £3, 13i. tWt. The Tohimeii Jiint |mb- 
liBhed(lIL to V.X i^^inUiu the IIUt<iry of the Con%'er«Uin of Ktt^Untl by 
the Jtfoukt, luid tnay b« hid ftt A comt'leto bo(»k, price atii. dd. 

** 0« Utt tlM laiRTMl vf tiM CummiS * Moaks of ib« Wrm •’ r««i« mRlttlv on 

lhts.«ih«i Ills the Rttrk of R bntllMit m 4 R<«oKk|^IUh«4 t«r>n*n mm> man tf lK« RtHrld, ttMiing 
mitk » <Imb «f «JMntcw«« vIm lutv* irowrrRltj boco IHI to la* arid prolcMWctai haitdlliMT •»t rt-rlMl- 
BMkat «ytt«rk XonlaWaibevi tm ItW aa a vhole, and a btiman wWdaf and, mth all ha 
Bsnt aa an aaaairur lka«»acrM»h«r. b* cnnitM Ima% tI*« tlMm nilb aetuc of Uia IndapandciiM ot a 
mtad traiMid lo kM«n and poUOcb*— INUI Jfail dnaAta 


THE HAHDT BOTAL ATLAS. 

Br ALEX. KEITH JOHNSTON, LL.D. An.. Author of the < Roy«l 
Atlas/ the * Physical Atlas/ Ac. 45 Maps, clearly priiiUni and care- 
fully coloured, with Gencnd Index. liniMihal 4to, price £3, 12s. dd., 
half bound morocco. 

** If (rrotiablj Uit Imm work oflbe kind now |nibtl«bed.** - TtmrF. 

“ Sot Milj are tlie prewnt terrlKtrlal adjustmtnM did/ rf**Lrtrrr*l In all Ihiwe mapi. Inii the 
laUsf diaceverlcf in Central Ana. In Afirtca, and America nave Ireen (letineetetl alth UliorliMAf 
Sdelii/. lodovd Ui« aiD|il« illtiftrfUoo of recent dta^rrry, and of the areat |(rottii« of dc^nden- 
CAM on Um Briiifli Crown, maden br JedinsWu** the belt of all AlJ«»«f for BuxlUb u«o.^- /'oil 
jrolfOOMCea 

** lie hafcircn m in a portable fona Rcoirraphjr peeled to the la*t diaevverr and the last ro 
Tohitiou.**- .*jfi<Kriiap J^ew.'V'. 

** This U .Mr Keith 'J«>bnHi»n*a admirable R^al Atlas diminUhed In bulk and scale m as to h«, 
perhaiM, fhlrl/ entitled lo the name of * hand// hut Atlll not so much dlmiimhrd Imt what It con* 
atltates an accvraie and uavfiut gtnffni Atlas for ordfnarj bo«Asvholila**'-.''»fwrroror. 

** The * Hand/ Atlas* is thorouRhl/ deferelnjr of 'Its name, Stn onl/ 4oc« It contain the lale»t 
infonnaiioA, but its slxe and arrabfemeiitjrender It perfect as a book of refkr«iiLe.*’-^'foa«{ar(l, 


WOBES OF OEOBGE ELIOT. lUTUtrated Edition.* 

In crown 8vo. 

ADAH BEDE, with Seven Illustrations. 3 b. 6d. 

HILL OX THE FLOSS, with Seven IllUNtrations. 8tf. (kL 
SILAS HARNKR, with Tfiree IllustratioDs. Ts. 6d. 
i SCENES OP CLERICAL LIFE, with Six Illustrations. 8s. 
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TEE BOOK OF OOEMOE OBEEB, 

Coatifoirtr jcvuwir ab Jomj* Kiioe*« l^mriKiY, «ad tlio DIRECTOBY 

rr)R YuiiLic woiiMuir of thb cuubcu or soon^AicD. whii 

IritrodttctiuAB and UltudfiUve Not4M t»jr the Rjcr. OEORQB 
W. HFliOTT. a A., tiiil the Rbv. TH01IA8 LKISIIMAX, M.A. tUnd^ 
aoffirly piinled, In ImiUtion of the large Edltlotia of AiidfO Hart^ on 
bt*uiid III c4oUi, red edgee, price 7a. (hi. 

**lic«U!fni the repfinta. carefully edited, Uila work glYCt the hlatory of 
KtiMi N Liturgy, ita aourre* and rriatlon to the Reromifd UinralM of 
the Oitiiiiii'iit and the Lriitliab fkMA of Coiiitiioti Prayer ; alao full detaila 
BA l 4 » the fliM'iiiiahiiia at Weatininater 6n the Ihret^tory, and the aeiiae 
in whirl) it waa undrmt^Md ; and by extracU fn>ni IIH 18 .. fiaiiiiihleU, 
rrrtirdt nf rhiirtdi Ao , itluitratea the wt^fStilp of iite Cliureh of 

Ih'ullaikd ftotii the lUtorutailuu till the preaeiit time.** 

THE mOKEASE OF FAITH. 

r*fntrntM, - 1 . Of the Nature of Faith. S. Of the Aapirationa of the 
Ilelieitr fttr InrreaAO of Faith. 3. Tliat Faith i» capable of Increaae. 
4. Of Faith*** Itti'renitc: What it ia. 6 . Of Faith aa the Gift of God. 
0 or the Mraiittof Fuittra Increaiw 7. Of the liiodrtncea to Faith*# 
Inerenae h Of the AaAiirance of G rare and Saltation. 9. Of Faith 
liiiide IVrfeet. 

Sct'und l^tlition, i^ri^e 41. 

HATUBAL THEOLOGY I 

AS ISgiriUY l.STOTHErCXDAMESTAl.PniSCrPLESOP BKU- 
GUtL'8, MOHA^ AND POLITICAL 8C1KSCB. By W. B. PIRIE. 
B.t>, Pnifeiwor of Divinity and Cliun'b llistoiy in Um Univeni^ of 
Aberdeen. Piire On. . 

EUOHOLOOIOH; OB, BOOH OF FBATEB8: 

Being Forma of Worabip iaauod by the Church Service Society. 
Price 3a. (hi. 

THE TAT^PEHOOD OF OOD, « 

Co.vaii>KHKP IS ft^ Oi:nkral and Special Abpccts, akd PAitTirrLARLT 
IN Rklath'N to the Atonement; with a Bkvijcw or Rix'knt 8pBeci.A- 
TI 0 N 8 ON THE SrB.iE*T. By THOMAS J, CRAWFORD, D.n., Profeasor 
of Divinity in the University of Etlinburgh. Second Edition, revised 
and vnlaiged, with a Reply to Uie Stricturea of Dr Candliah. Price 7s. 3d. 

FAMILT PBAYEBS, 

Aa niithoriaed by the General Aasenibly of the Chnrch of Scotland ; to 
which ia iireflxed a Pastoral Letter (W»m Die Oenetal Aaaemblv on Family 
Worahlp. Price 48. 3d. Also a People's Edition, price 3s. ^ 
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STANDARD NOVELS. 

ik iIm ui bfiUy frisML 

MACB SOVBl COMPUTM LV OXM rOlVMK. 


Tom Crikclg^s Log. By Michael Scon, , 
Ckvisf. of the MtncF. By the Author of 'Tom 

Crinjik’s Lt'g.’ 

Cyril Thornton. By Cajiuiin UamiUon, 
Annau of the Parish. By John (iaU. . 

The Provost. & othf.r Tales. By John (iali. 
Sir Andrew Wylie. By John Cali, 

The Entail. By John Galt, . 

Recikalo Dalton. By J. G. Lockhart, 

Pen Owen. By Hook. . . 

Adam Blair. By J. G. Lockhart, 

The Life op Mansie Wauch. By 0. M. Moir, 
Peninsvur Scenes and Sketches. By F. 

Hardman, . ' * . 

Sir Frizzle Pumpkin, Nights at Mess, &c., . 

The Subaltern, 

Life in the Far West, By G. F. Ruxton, . 
Valerius, a Roman Story. By J. G, Lockhart, 

Oder Works in frefarsUion. 
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aBOtQ<nr 70» OSHSBAl. SBADSBS. A 8«riw of 

Povvtef jMUrtdkM Itt OfK^hHt^ I’iiliMlology. fkeund Editkm. MldiBlog 
•mrtt mbit GhttiCm ' Vrm 9b, 

** mb h Wb oC hbbt »f Mr inatiy {^yid honkb. It it written in * How- 
liif {popolar ttyle. WiUitmt iUimiMtkni or any i»xtntnorni« tld. the lunmtive mint 
ptoire AtitnicrtlTO to iny intelllgmi r«ad«r/*-^l<o<^igtoai M'jffannt. 


BAmnOOK OP OEOLOaiOAL TEBKB, OEOLOOT, 

^ fill IBtMf04L aeoatUPHY. teond EOliion. enUrged. 7«. 6d. 

XMtMOiiVOtWfe TEXT* BOOK OP GEOLOGY 

Wl6hMnfnw<tt|innWoodn^ Kigh%Bftltiofi, ti. 

^Hliiil^lfiinBcmrmdfort^ la exntnbie t text-U^ on eelinee of whlH 
«0 eatlrety thyottimble m we m enetded to do of H 

TEXT-BOOK OP GEOLOGY* 

liriih Iftigrevinge end OlOMary of Sdentlfle Tttrmt.' fboH 
yti ft ei i d bBd eatergod. 7 a 

iTO cdteAiUy neil this triily eatbfActory book, and do not boalUte t 
la an exeeiTeiit <*ornjM'ndinin of the imwt fact* of Geology, end writte 
lantrillhflB) end phUow»|diio a|iirik’*—£(lffihifftre rhilimpbiaU Joeri^ 
«<WelRKiw of tt(» iiiti^netioii eonUining m larger amount of inibrroatlon ia th 
aeme apaee, ami whieb we could nore cordially reeoziiiijeiid to the geologicj 
aladeat ihftutupt. 



THE OEOLOOIOAL EZAMINATOA A Prognaa^ 

8ariee of OiMMttona adapted to the Introductory* and Adrencsed Ta<t*Bealet c 
Owdniy. t^wred to aaafat Teacheia in fVaming their IvomlnallaaM^ end 81c 
deateln teatlng tbeir own progreae and proActeney. "Third EdfjtfiMU ed; 

nneonuoTOBT text -book or nrmoAi 

QigOtmAPHY. With Sketch-Mapf and lUuatnittonii. ll^lid IhttUon. 

**Tbe dltUiona of tho autdect are no clearlr ddlMHl, the expUuutiona are i 
lucid, the relatione of one portion of the aul^rt t<» another am ao aaliafhctoril 
•hOWB, and, above all, tha bearinga of the allied soieacea to Phyaicat Oeograph 
aigbrought out with ao much pmeiaion, that cteT^lhader will feel that diMcttllia 
Ajgm baen remoTed, and Uie |>ath of aludy amuoioM before him.*'— ^fActuveea 



OED TEXT -BOOK OF PHTSIOAL QBO 

'HT. With RngniTinga. iia. 

ly good Text-Book of Phyaical Oeography.**— ^Sofntrigy JBmMiiL 

TIONS ON PHTSIOAL GEOGEAPHK J 

.Mtriea of Queationa adapted to the InUudtteimy 
di Phyaical Geography. M. 

AND PBESENT .LIFE OF THB OEOBS 

aAMMHtttUwitntloM. Crown aTo. «n 



LATELY PUBLISHED, 


THE PHYSICAL ATLAS OF NATURAL PHENO 

MKXA. By Al.KX. KUTH M l> KIISK .X '. A Srw »ii,l 

’.'r* IVU*' ,7 nurjn, a. 

COl;Htr«» with i;<,5 Aiy4 h*4f\ h5*j«rul IwUf 

motwvo, £S, 

' ♦“A p«f<wt tmwlUIV of Ow.»n:pr\'iMhftt lufiHtUAUoi) “• J y\»i //rra,A#- 

SCHOOL ATLAS OP PHYSICAL OEOO&APHY. mni< 

tfitiDH m « ^krim *>( ontftMl IVAtAft* th^fr •'IwiisnUf y fsrt* of Itntro 

M«t<Kr(4Avy. Aoa H^innd By A KklXH JOilN8T%>S\ tl t» , 

£c. A NVv aikI hn^u^t up to Ih# |4v4«M»t «&<} 

a of th^* Hntbh IjSk tJwr IU*iitft, th« lUtn 

faH, Aivv! thf yVvAtJion of !h^ CVntour» . ntul Tiki* lUntiiAttnit tho 

J<*» sis4 J90«'W. A»ti A New liA)i of lh<f lIHClth 

Nie# Iti aU, -Y) iL*oi.>urc’^i Mai**, with |Vjk*Mptivr Trit tn*t‘. Mo. htlf bc»Mj}4, 
rjji td. 

SCHOOL ATLAS OF ASTRONOMY. Oompriiing In 

21 rUi*-* A o •vrr* ' f 4'f llrAVrijh t 

frrn » a^ i A?.*.^r :.L H) A KM III J‘»HN'*r'»N, M* l» . 

Ao, A N«» xZk ! ‘i %t fl^rh.nAx^} >%rvi> • ? Jl.e |{r:»vrri>i. 

aul AL 5 \*.Ia* h\ IL'MUJ II I» Ai . 

•'( AjfcU*'^», !'f -•! t!-r ♦ ntt r^ aj tl4» * f 

Uli-v ^ t'ik ♦«! 

A OEOLOOICAL HAP OF EIIBOPE By Sir R. L Mar- , 

< niSi*N. ImM . K II ,H Tk H \ \ KMIH JnllN *- 

1ST* >N* LU* , K U > i; , A- * . t J jri.'M > !«> ' « • ; :r. L. . il... ’ ^ 

A OEOLOOICAL AKD PALJEONTOLOOICAL MAP OF 

THK liKlTI**!! I^KA^^*^ hy Ti U*U Altll nutllKM ;U 

HAKDT BOOK OF METEOBOLOOT. By Alexander 

FU'rHAN, yi A, -f th^ N h-. lify 

«f. w/;. * ‘ ‘ ' ^ ^ K^^^Al TV? A N*w ALii l.iuAr>»«l 

*‘Ir. yC •? t*- r’^^v'T Mf 1**4. r/t ^'Jay rtiA.L* iti> 

j.T'’**; -u*ly )i:?/'.. ji»r«»/,. I ■ .i. x* ver.. r*«]* »* it Tio < Kaj 

t«f -'n. v.A '{kAT*.A » ; l-r i*’. «•; or??*.* «• nre [-prhAj'k llo* 

irr:}’*'ruii?. *' *!.'• » of. - »': ** !t.< k?. .% < f ll.*- w-ak 

by u * f ll'-vV k- , nri.i tl. --.A L t I** 5*r 

Ur, w#- *hill r,> I '*<•■ < ,:’; if H L.%r. « ’ I*^ ''xAr<* «?•> l- I f« %<!) rj,<.r« l:f,|Br.tiAiit 

thAEi <* ■ I*. -^KerT,’^ ' r, .« .r< , w.*K- '.» r^Jlr»*S'^« .ly the l"r*A'*tjf»ii 

mAi>«. to r >r*v<>) .in : ‘o*a ^if *f Lr.#’*, ).'\X r»'fr%»K fn)iTi 

y*rintsri,C •'-‘Jt rAr>*** in tl.e n-e^n xy)f.*mi j.r» xnar*' ft? th** of ih<* tw«. 

whieh vAne^t fToju ’. f 2 .ii h«*5* n^-Ar th« ?*• I".* 4 aw hm m tio* ApU*- arw) 

Antareti* nreleA, tl.nn MarwU/TAtiT.^ Maury’ i \ o-i*h Ht-h j-raiw* rr.»oil aIjuj lie 
srcorflM to the rhaj.ter uti lemjieratufe in lu relaliiin b» atinoniilivn'' |>r««iiuie ” 

THE ORIGIN OP THE SEASONS ; Considernd from a 

Oeolojciral Point of Vi**w ; nhowin^ tli*? remarkAMe that nUl 

between the ITiy-Hii-Al (fefijfr»j[»hy anri NAtrjrai nienoniriiA of tlm North Atnl 
South Hem Ujibercs. By HAML'EK M<;K8MAN. Crown Hvo. lOs. 6«t. 

OOMPARATIYE GEOGRAPHY. By Carl Bittar. . 

TnnsUted by W. 1^. OAr^n. 3s. (VI. 


William BLACKW(Kin k Bonh, Rdinbur^h arai lioiulon. 






